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PREFACE. 



This treatise was commenced to supply a course of Practi- 
cal Chemistry to my own classes. I was encouraged to pro- 
ceed with it by finding that the want of a sufl&ciently 
systematic and explanatory Laboratory Text-book was very 
widely felt. 

It has been my aim throughout to give all necessary 
directions so fully and simply as to reduce to a minimum 
the assistance required from a teacher. The language 
employed has, I trust, been rendered simple and intelligible 
by avoiding the unnecessary use of scientific terms, and 
by explaining or paraphrasing in ordinary words any .such 
terms when they are introduced for the first time. 

The directions for working, and the descriptions of the 
preparation and use of apparatus, have been given more 
fully than is usual ; my own experience, confirmed by that 
of other teachers, convinces me that one of the most serious 
hindranees to the utility of many of the smaller Text-books 
on Practical Chemistry is the conciseness of the language 
employed ; on this account it is unintelligible to the student 
unless supplemented by very copious verbal explanation 
from the teacher. 

Whilst making the very desirable amplifications above 
referred to, the book has been kept within small dimen- 
sions, by the omission of all such instruction as does not 
directly bear on the ordinary requirements of the laboratory 
student, and by the insertion of the supplementary or 
merely explanatory portions in smaller type. 
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I have also thought it best to avoid entering into any 
lengthy theoretical explanations. The modem teaching of 
chemistry is in practice very appropriately divided into two 
departments; namely, theoretical instruction imparted by 
classes and lectures or by the study of text-books of 
theoretical chemistry, and practical experience acquired in 
a chemical laboratory by working according to the direc- 
tions of a practical text-book. Since by this system the 
student has time and opportimity afforded him elsewhere for 
the study of the theoretical and descriptive portions of the 
science, it is unnecessary and undesirable that his Practi 
cal Text-book should tempt him to bestow valuable time in 
the laboratory upon the consideration of matters which do 
not directly bear upon his experimental work. 

The analytical reactions and methods have been carefully 
worked through from the text by myself and by the mem- 
bers of my classes : the accuracy and intelligibility of their 
descriptions have thus, I hope, been secured. Only those 
reactions and methods which are commonly employed for 
analytical purposes have been described. In selecting 
analytical methods, I have felt it desirable that those 
chosen should be as simple and easy of execution as 
possible ; in some cases, however, methods which are most 
eligible on these grounds have proved on trial to be so 
inferior in accuracy and delicacy, that they have been 
abandoned in favour of others which are recommended by 
their trustworthiness rather than by their simplicity. In 
such cases, however, I have also described the more simple 
methods, since they may be employed in analyses in which 
minute quantities of a substance have not to be tested for. 

I have also felt it advisable to introduce reactions which 
are useful in general analysis rather than those which claim 
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to be merely interesting and instructive : and I have not 
hesitated to adopt methods which are not quantitative, 
if they are easy and accurate for qualitative analysis. 

The book is intended to give a course of instruction 
suited to the general requirements of laboratory students. 
Those who are using it for any special purpose, or who wish 
to prepare themselves for any particular examination, should 
note that the book has been divided into seven sections, the 
the contents of which are fully stated on pages ix-xv. The 
first six sections, omitting the fifth, contain a good practical 
course for senior students ; this may however be somewhat 
modified and amplified to suit junior students, who will 
possibly also substitute the fifth section for the sixth. 

The fifth section has indeed been inserted for the use of those 
who are preparing for practical examinations in which pro- 
ficiency in the analysis of simple salts only is required of the 
candidate. This is the standard fixed for the more elemen- 
tary examinations conducted by the Universities of Oxford, 
Cambridge, and London. The sixth section supplies addi- 
tional details suited for the analytical work of advanced 
students, and will be found sufl&cient to qualify a student 
for the higher University examinations in qualitative analy- 
tical chemistry. 

The seventh section contains suggestions regarding the 
fitting and furnishing of the laboratory, together with full 
lists of all apparatus, reagents, and chemicals required in 
working through the different sections of the book ; there 
is also added a list of general apparatus, with a description 
when necessary of its construction and use. In this section 
there will also be foimd full and systematic descriptions of 
the most simple methods for preparing the different solu- 
tions required in analysis, with a statement of the strength 



most appropriate for eacb. Esperieace haa proved that 
these are matters which, on the score of economy of time 
and money alone, merit more attention than ia usually 
bestowed upon them. This section concludes with tables 
of atomic weights, and of French and English weights 



Symbolic notation haa been employed, instead of the 
full ohemiual names, throughout the sections on analjiiical 
chemistry : in its moat concise form this chemical shorthand 
conduces so much to brevity in writing domx results that no . 
other plea is required for its use. The simple plan of label- 
ling each bottle in the laboratory with the chemical formula 
as well as the name of its contents, will prevent any per- 
pleitity to beginners arising from this general employment 
of chemical formulffi. 

The arrangement of all Tables acrose instead of olonff 
the pages renders the turning of the book unnecessary, a 
convenience which will l)e appreciated by all laboratory 
students. The " Tables of Differences," which contain for 
each Analytical Group a summary of the differences of 
behaviour of its members with reagents, will be found suit- 
able for elementary work, and will serve as a key to the 
Analytical Tables. 

It is almost superfluous to mention that free use haa been 
made of the ataudard works on ChemicnJ Analysis ; and a 
great part of my work haa consisted in putting their state- 
ments into a systematic and convenient form. My ac- 
knowledgments are also due to many experienced teachers 
who have made valuable suggestions of addition and 



the 



I have been enabled to make improvements in 
illustrations of the present edition, by the generous i 
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ance afforded by Mr A. H. Simpson in photographing 
apparatus for the engravers : and Mr J. 6. Coleman has 
helped me very considerably both by suggestions, and by 
carefully revising the proofs. 

The book is intended to furnish a course of laboratory 
instruction in practical chemistry which may precede the 
higher training of the professional chemist and the medical 
man, and the more special training of the technical chemist 
and the chemical engineer. It will thus supply a demand 
which is rapidly increasing, as the value of a soimd elemen- 
tary instruction in practical science is becoming more widely 
appreciated, both as a means of mental training and as a 
preparation for a professional career, as well as for many 
branches of manufacturing industry and enterprise. 

F. C. 



University Colleob, Nottingham, 
March 1885. 
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APPARATUS FOR EACH BENCH-LOCKER. 



1 Bunsen's burner with tubing and rose-top (1). 
1 Test-tube stand, with twelve holes. 
12 Test-tubes. 

1 Test-tube brush (11). 

2 Boiling-tubes. 

2 Round glass plates. 
2 Porcelain dishes. 

2 Watch glasses. 

1 Four-ounce conical flask. 

1 Pestle and mortar. 

1 Iron tripod stand. 

1 Piece of coarse iron wire gauze, or asbestos millboard. 

3 Glass funnels, and some cut filter papers. 
3 Small beakers. 

3 Glass rods. 

1 Piece of platinum foil. 

2 Pieces of platinum wire. 
1 Blowpipe. 

1 Pipe-clay triangle. 

1 Wash-bottle. 

1 Retort stand. 

1 Wooden filter stand. 

1 Pair of brass crucible tongs. 

1 Small horn spatula. 

1 Wicker draining basket. 

A fuller description of this apparatus will be found on page 318. 
Most of the apparatus may be seen on the bench in the Frontispiece 
illustration. 



SECTION I. 



PREPARATION AND USB OF APPARATUS. 



A student who is comiDencing work in a general laboratory will find 
on the preceding page a list of the apparatus which should be contained 
in his private locker ; this should be looked through, fitted, and 
cleansed, as is dire«ted in this section. 

In the seventh section will be found particulars of other apparatus, 
which may be used by many students in common ; also lists of the 
various reagents, and the methods of preparing them. 

For convenience in reference, paragraph numbers are printed in the 
text in thick numbers, and in square brackets at the top of each page. 



Fig. 1. 



1. The Bunsen burner (fig. 1) is generally employed in 
the laboratory for heating purposes. It is so constructed 
that coal gas entering near its base is mixed with a proper 
proportion of air before being burnt ; the air is drawn in 
through holes at the lower part of the burner, and the 
niixture of gas and air is burnt at the top 
of the upright tube. The oxygen of the 
air, which is thus mixed with the gas, 
bums the carbon in the body of the 
flame. Accordingly the luminosity, 
which depends upon the existence in 
the flame of unbumt carbon or carbon 
compounds, is destroyed. The Bunsen 
flame is therefore mainly useful, because 
it deposits none of these particles in the 
form of soot upon a cool object, but also 
because it is hotter than an ordinary luminous flame. Its 
high temperature, non-luminosity, and colourless appear- 
ance, also render it very valuable for producing flame 
colorations, as will be seen hereafter. The lamp aliovxld V>^ 
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provided with some means for partly or entirely closing the 
air-holes when requisite ; this is usually effected either by 
turning round a loose perforated ring which is slipped over 
them, or by rotating the upright tube on its long axis. 
When a small flame is being used, the supply of air 
should be partly shut off, else the flame is apt to recede 
and hum below. 

When the lamp is to be used, it is connected by means of 
a piece of tightly-fitting india-rubber tubing, about 5-16th8 
of an inch in internal diameter, with the tube which supplies 
gas to the working bench ; the tap is then turned on, and 
in a few seconds the gas is lighted. The flame should be 
almost perfectly colourless and give scarcely any light. 

Occasionally the gas will hum helotVy that is at the 
bottom instead of at the top of the burner; this usually 
happens when the flame is small and the quantity of air 
admitted through the holes is too great ; it also occurs when 
the burner is lighted too soon after turning on the gas tap. 
A luminous flame may then be seen through the holes in the 
base of the lamp, burning from the small gas jet inside ; and 
the flame produced at the top of the burner will also be long 
and somewhat luminous, and will emit a very unpleasant 
smell, which is due to the incomplete combustion of the gas. 
In such a case the flame should be at once extinguished by 
pinching the india-rubber tubing close to the burner, and 
the gas should be relighted after escaping for a few seconds. 

Prove the above statements by trial ; study also the effect 
of partially or entirely closing the air-holes of the burner. 

For difiusing heat over a large surface the rose-top, 
which is a small perforated metal cap, is placed upon the 
top of the burner; it yields a circk of flames, and thus 
difiuses the heat; the rose-top is put on the burner and 
removed from it by grasping it with the crucible tongs ; it is 
of course very hot after being used, and should never be 
handled, or placed upon wood or glass, until it is cooL 

For heating large vessels Fletcher's solid flame burner is 
most convenient and satisfactory ; in its smallest size it is 
also very convenient on the student's working bench. 
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CUTTING GLASS. 



2. The spirit lamp is occasionally employed instead of a 
gas burner, but for general purposes it should only replace 
these burners where coal gas cannot be obtained. 

The spirit lamp (fig. 2) consists of a glass vessel contain- 
ing methylated spirit, into which yw,. 2. 
dips a cotton wick supported by 
means of a brass or stoneware 
wick-holder. When not in use 
the upper end of the wick should 
be always covered with the glass 
cap to prevent evaporation of the 
spirit. If the spirit is tolerably 
free from resinous matter its flame 
will be non-limiinous, and will de- 
posit no soot upon a cold object. 
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3. Glass tube or rod is cut by laying it upon a flat 
surface, and making a 
deep scratch with the 
edge of a three-cornered 
file at the point to be 
cut. The glass is then 
held with both hands, 
one on either side of 
the scratch and close 
to it, and a gentle pressure is exerted upon the glass as if 
trying to break it across (fig. 3) ; if the file mark has been 
made sufficiently deep, the glass will readily break at this 
point. The sharp edges of a rod or tube should always be 
at once rounded by holding them in the Bunsen or blowpipe 
flame until they are partly melted, or by rubbing them with 
the face of a file. 

Cut off from a length of hard glass tubing which is 
about one-eighth of an inch in internal diameter, one piece 
about ten inches, and two pieces about five inches long, and 
carefully round off their sharp freshly cut edges. Also cut 
off three pieces of glass rod, seven, six, and three inches in 
length. Keep these for future use. 




be allowed Ui touch i 



4. Glatt tube is bait by holding it iu the upper edge of u 
common fiBh-taU gaa flame, so as to heat at least two inches 
of the glass (fig. 4). The tube is supported by both hands, 
^ ^ one on either aide of tlie flame, 

and is constantly turned slowly 
iTjnnd on its axis, so as to heat 
all sides equally. As soon as the 
^lasB is felt to be soft and iilistble, 
it is taken out of the flanie and 
quickly bent to the required 
lUigle. The heated part must not 
mything until it is cold ; the soot is 
tben removed from it by a cloth or a piece of paper. 

A bendj if properly made, should be a curve and should 
not alter tbe bore of the tube (fig. .5 a); if a sharp angle is 
made, the bore will be 
narrowed (fig. f> h), 
iind the bend, besides 
being unsightly, will 
be very liable to break 
under a small strain. 
The Bmiseu flame 
must never be em- 
ployed for bending 
glass tubing ; 




hot, and melts the glass. Glau rod, however, may be bent in 
the Bunsen or even in the blowpipe flame. 

Bend the longest piece of glass tubing (3) at right 
angles, so tliat the shorter part is about two inches in 
length ; keep this for future use. 

5. Tbe hhni'pipf is frequently nsed to produce a sniall 
but very hot flame from tbe flame of a gas lump, spirit 
lamp, or candle, by blowing through it a fine stream of air 
from the mouth. It is held in the right hand, with it* 
finely pierced tip a (fig. 6) resting on the edge of the burner, 
jind just inside the flame ; the mouth-piece {b) is then taken 
iHstween the lips, and after lilowing out the clieeks to their 
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Fig. 6. 




full extent, the air contained in them is forced out through 
the jet (a) ; this causes a small pointed tongue of flame to 
issue from the side of the 
flame. The chief diffi- 
culty in learning to use 
the blowpipe properly 
is experienced in acquir- 
ing the habit of keeping 
up the blast of air unin- 
terrupted by the breath- 
ing. A little patient 
trial will, however, soon 
remove this difficidty. It 
must be borne in mind that the cheeks are to be kept con- 
stantly inflated with air, and that the air should be forced 
through the blowpipe by tJve pressure of the cheeks alone and 
not by the action of the lungs ; breathing is carried on mean- 
while through the nose, and the mouth is occasionally 
replenished with air from the throat just before breathing 
out through the nose. 

It is frequently necessary to have both hands free whilst 
using the blowpipe ; this may be secured by resting the jet 
(a) on the top of the burner and supporting the other end (6) 
by the lips alone, as is shown in (fig. 6). 

The bright flame obtained by nearly closing the air-holes 
of the burner is much better suited for blowpipe work than 
the ordinary non-luminous flame. A burner with an ellip- 
tical orifice which gives a flat flame is often substituted for 
the ordinary Bunsen burner ; this flame may also be ob- 
tained by slipping a brass tube down the burner. 

The student should as soon as possible acquire dexterity in 
the use of the mouth blowpipe ; for long maintaining a high 
temperature, or for extensive glass-working or glass-blowing, 
however, a Herapath or Fletcher blowpipe fed with wind 
from the Fletcher bellows which are blown by the foot, is 
very convenient and often indispensable. 



I. Smxill ignition tubes. — One of the pieces of li-axd ^^fi»^ 
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tubing, about five inches long (3), is drawn out at its middle 
point by heating it etrongly in the blowpipe fiame, aa ia 
shown in (fig. 6). Whilst being heated it ia held in both 
hands aa in (fig. 3), and ia constantly turned round upon ifa 
long axis ; when well softened it is gradually drawn out by 
pulling its ends in opposite directions. The narrowed por- 
tion of the tube (fig, 7) is then cut across (3) at its middle 



point, and by heating the conical part (o), the narrow tube 

may be dra«ii off, and a small closed tube is obtained (fig. 8). 

Fid. 8. If the closed end ia strongly heated 

a^ y in the blowpipe flame, and gently 
^ 1 



blown into whilst red hot, it may be 

small bulb. Small test-tubes, three inches 

diameter, will &tsD serve well for 



expaiidi.ll 

Ion;; b} half an inch 

Ignition tubes. 

7 ifountfd platinum wiret. — Two platinum wires, each 
about two inches in length, should be fixed in glass handles ; 
they are thus rendered much less likely to be lost, and are 
far more easily held. The platinum wire used must not 
persistently colour the flame green. 

Draw out the remaining piece of glass tube (3), about five 
inches in length, at its middle point (figs. 6, 7), and out it 
across at the middle of the narrow portion. Each piece of 
gla.ss thus obtained serves for the handle to a wire. Break 
off the narrow part of the tube until it extends only about a 
quarter of an inch from the shoulder a (fig. 7) ; insert the 
end of the platinum wire into tlie narrow opening ; then 
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hold the end of the tube with the wire in the blowpipe 
flame until the glass melta and thickens around it, fixing it 
(iraily when cold (fig. 9). The free end of the wire should 
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then be rolled round a stout wire, so as to shape it into a 
loop about the eighth of an inch across. 

8. Glass stirring-rodi. — Frara the ends of the glass rods 

already made (3) by cutting 
a length of solid glass rod 
into pieces about three, six, 
and seven inches long, any 
small projections are re- 
moved by the file ; both 
ends of each rod are then 
heated to redness in the tip 
of the blowpipe flame, the 
rod being meanwhile con- 
stantly turned round on its 
long axis (fig. 10); the 
sharp edges are thus re- 
moved. The end of the rod must not be allowed to touch 
anything until it is cool. 

Sometimes a very fine glass rod is required ; this may be 
obtained by heating a part of an ordinary rod in the blow- 
pipe flame until it is well softened, and tfaen drawing it out 
to the requisite fineness (fig. 6). 

9. A cork may be bored by pushing through it a sharply 
pointed and slender ^ 

round file, with a con- 
stant twisting move- 
ment The cork-borer, 
which is a brass tube 
sharpened at one end, 
is, however, more com- 
monly used. A borer 
must be selected of the 
same size as the glass tube which is to be inserted into 
the cork; it should be rather less than greater; the cork is 
then pressed ag^unst a wooden surface or grasped firmly in 
the hand, and the perforation is made by gently pushing the 
borer through it with a constant movement of rotation back- 





THE WASH-BOTTLE. 

wflrds Hiid forwards upon its axis (tig. 11). Cautio 
practice will enable the student to make a clean straight 
hole without damaging the Burrounding parts of the cork. 

In boring a single hole through a cork, the easiest way to 
make it straight ia to bore from the centre of one end half- 
way towards the other, then reverse the cork and bore a 
hole to meet this from the centre of the opposite end. 

A round file is used for smoothing the interior of holes 
made by the cork-borer, or for slightly enlai^ig them when 
they are too Mmall ; whilst doing this, great care must lie 
taken to leave the hole round in shape, and not to eulai^ 
it BO much that the glass tubing, when inserted, fits loosely. 

In pfrforating imlia-ruhher sfoppern the borer must be 
sharp, and should be partly filled with water, or moistened 
with alcohol or glycerine. 

The cork-borer is sharpened by rubbing the outer jiart of 
the edge obliquely with the face of a fine-taothed file. 

10. T/tf vnfh-bottle. — A thin flat-bottomed conical flask, 
p „ about eighteen ounces in capacity, and 

not less than an inch in diameter in 
the neck, is fitted as is shown in (fig. 
12). 

Select a sound cork which is slightly 

too large to enter the neck of the flask ; 

roll it backwards and forwards under 

the foot with geutle pressure ; when 

thus softened the cork must fit tiglitly 

into the flask. Two pieces of glass 

tubing, rather longer than would be 

i-i'i[uired for the tubes (o, h), ore then 

bent (4) into the fonn shown in (fig. 1 2) ; 

tlicir ends are cut off to the right length, 

eilgeii are rounded by holding them in the 

r by nibbing them with the face of the file. 

Two pariUlel holes are then bored in the cork by nieanu 

of a round file or with a proper sized cork-borer (0) ; the 

liolca must 1* somcwliut smtdler than the glasa tubes, and 
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must not nin into one another or to the outside of the cork. 
They are smoothed and slightly enlarged, if necessary, by 
the roimd file. Into these holes the tubes (a, b) are then 
gently pushed with a twisting motion; they must enter 
somewhat stiffly, but without requiring much pressure. If 
the holes have been carelessly made too large, the tubes may 
often be made to fit by slipping upon them little pieces of 
narrow india-rubber tubing, or by putting the pieces of 
india-rubber tubing into the holes in the cork before fitting 
in the glass tubes. 

A vulcanised india-rubber stopper is much more durable 
than a cork for this and most other chemical purposes ; it 
may be purchased with two holes already made, or may be 
perforated by a sharp well-wetted cork-borer (9), or by a 
wetted roimd file. Both the glass tubes and the inside of the 
holes should be well wetted before pushing in the tubes, since 
water serves as a lubricant for glass against india-rubber. 

Before completing the fitting of the flask, the cork 
with the tubes is inserted into its neck ; one tube is then 
closed with the finger, and whilst blowing down the other 
one, the cork is carefully watched to see that there is no 
escape of air ; a leakage is as a rule easily heard ; by wetting 
the outside of the cork, however, it becomes visible. 

If the cork is air-tight, fit upon the upper end of the 
tube (a) a piece of india-rubber tubing about an inch in 
length ; into the other end of this push a short jet (c), 
made by drawing out a piece of glass tubing in the flame 
(fig. 6) ; the narrow opening of this jet may be contracted, 
if necessary, by holding it in the flame for a short time. 
The neck of the flask should be bound round with twine 
like the handle of a cricket bat, or tightly covered with a 
folded strip of flannel ; the wash-bottle can then be handled 
with comfort after water has been boiled in it and the neck 
has become heated by the steam. 

The wash-bottle is now filled about two-thirds with 
distilled water, and is ready for use ; taj? ivater should never 
be kept in it. 

A fine stream of water may be obtained from the jet (c) 



by blowing down the tube (b) ; this stream scitds for wash- 
ing precipitatea and for other purposes. If a lai^er stream 
is required the flask is inverted, when the water will flow 
out from the end of the tube (i), air entering meanwhile by 
the tube (a) ; by blowing down (n) this stream can be made 
to issue with greater force and speed. 

When hot water is required, the waah-bottle is supported 
on a tripod stand upon a piece of coarse iron wire gauze, - 
and is heated by the Bunsen flame : or it may be heated by 
a small Fletcher burner. 

11, Cleaning apparatut. — It is indispensable to the suc- 
cess of an analyst that all glass and porcelain appaiatUB 
should be kept scrupulously clean, and before beginning 
work the student will do well to clean his set of apparatua 
as is directed below. 

Ttit-1/uhes, btaters, and porcelain dishes, are washed in a 
stream of tap- water, their surface being rubbed meaJiwhile by 
the test-tube cleaner (fig. 13 b). Occasionally, however, the 
brush fails to remove strongly adhering stains. A little hot 
dilute hydrochloric acid will remove most 
Flq. 13. g^gJJ gt(,ing_ ijut it ia sometimes necessary to 
heat a little strong sulphuric or nitric acid in 
a vessel in order to cleanse it ; hot caustic 
potash or ammonia solution may also often 
be used with advantage to remove grease. 
In fact] when removing a sul>stauce from a 
vessel to which it strongly adheres, the 
student shoidd always consider what the sub- 
stance is, and then remove it by a liquid 
in which it is easily soluble. Each article^ 
after having been carefully washed and then repeatedly 
rinsed out with tap water, should he placed upside down 
in the small wicker basket to drain, or if required for 
immedinte use it should bo rinsed out with a little 
distilled water ; the removal by these means of washing 
water is necessary, because ordinary tap-water contains 
dissolved impurities, which might be prejudicial. 
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Apparatus should be washed as soon as possible after it has 
been used, since the surface is usually more difficult to 
cleanse after standing. The brush must be cautiously 
moved as it reaches the bottom of a test-tube, as the glass is 
very thin and is easily broken by undue pressure. 

Test-tube brush, — It will be found that the piece of 
sponge at the end of the test-tube cleaner (fig. 13 a) does 
not well adapt itself to the bottom of test-tubes and boiling- 
tubes. A much more efficient end is given to the brush 
by removing the sponge and bending back the end of the 
wire stem sharply upon itself at a point just above 
where the hairs commence (fig. 13 b). By slightly curving 
the part of the stem carrying hairs, the brush will better 
adapt itself to curved surfaces such as those of porcelain 
dishes. 

Test-tubes containing liquids are placed in the test-tube 
stand ; boiling-tubes may be supported in the wooden filter 
stand. After being washed they should be placed to drain 
mouth downwards in the wicker basket, which is to be con- 
sidered as the receptacle for all clean glass and porcelain 
vessels. 

Glass funnels should have their narrow stems cut off to 
within about half an inch from the shoulder (3); the sharp 
outer edge must then be removed by rubbing it with the 
face of a triangular file. The inside of the narrow neck is 
best cleaned by rubbing it with a common tobacco-pipe 
cleaner, which is inserted from the shoulder of the funnel 
so as not to cut the hairs. 

Platinum foil and wire are cleansed by boiling them in 
hydrochloric acid and rinsing off the acid with water ; the 
wire should then be strongly heated for some time in the 
blowpipe flame, until, on being dipped into pure strong 
hydrochloric acid, it no longer persistently colours the 
Bunsen flame. If the tip of the wire cannot be cleansed in 
this way it should be cut off. Commercial platinum often 
contains barium, and the wire made from it therefore gives a 
green colour to the flame; such wire is useless for flame 
coloration tests and for spectrum analysis. 



BEAXma POECELAUr VESSELS. 

It is beat, howevor, to keep the platinum foil aud wire 
alwaj'a in a small beaker containing strong hydrochloric acid 
diluted with sufficient water to prevent it from fuming ; the 
platinum vdU then be ready for use at any time after 
having been simply rinsed with water. 

Before putting apparatvs away it should be made a rule 
t« wash all glass and porcelain which is not in actual use, 
and place it in the wicker-basket to drain ; the basket is 
then put away with its contents. Dirty apparatiis should 
never be kept in the basket. All iron apparatus should be 
carefully dried and must be kept in a dry pla^ie to prevent 
it from rusting. Metal apparatus must neivr lie ^mt into 
the tvieker draining basket. 

12. Heating porcelain, and f/fasg.— A few general pre- 
cautions should be observed in heating glass and porcelain 
vessels to guard against cracking them. The two following 
rules apply to both glass and porcelain alike :— 

A vessel containing a liquid must never be heated by the 
flame above the level of the liquid inside. 

A dry hot vessel must be allowed to cool before pouring 
in any liquid, or placing it on a cold aurfju/c. 

Poreelain dishes are generally nsal for the purpose of 
boiling or evaporating liquids ; they are supported on a 
pipe-clay triangle placed upon a tripod or retort stand ; they 
may be safely heated by a small naked flame. 

Porcelain crucihleg are used for coutjuning solid bodieB 
which are to be strongly heated ; they are supported in the 
same way as porcelain dishes ; the flame should not be 
allowed to play steadily upon the bottom of the crucible su 
as to heat it suddenly, but the biuner shoidd be constantly 
moved slightly from side to side until the porcelain is hot 
The crucible should also be allowed to cool alowly on the 
triangle, afi contact with a cold body is very apt to crack it. 
The crucible and its cover whilst hot are handled by \ha 
crucible tongs. 
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Glass vessels require to he heated more cautiously than 
those made of porcelain. A large naked flame must never 
be allowed to play for any length of time on one part 
of the glass surface. In heating a test-tube or boiling- 
tube, this local heating is prevented by holding the tube 
obliquely with the lower part in the flame, and either moving 
it gently up and down, or constantly turning it round on its 
axis. 

Ordinary test-tubes are too narrow for boiling liquids 
in, the liquid being very apt to boil over. Small quantities 
may be boiled and larger quantities heated short of boiling 
in a test-tube, but the broader boiling-tubes are better 
suited for this purpose. Test-tubes, if not full of liquid, 
can be held by the neck whilst being heated, if the tube be 
held obliquely so that the fingers are not over the flame. 
All risk of burning the fingers is avoided by bending round 
the neck of the tube a slip of folded glazed paper or of 
leather, and pinching the ends together close to the tube. 

Glass flasks, such as the wash-bottle, are most safely 
heated by placing them on a piece of wire gauze on a tripod 
stand ; in some laboratories a sand-bath is available, the flask 
is then heated by being placed on the surface of hot sand. 



SECTION II. 



PREPARATION AND PROPERTIES OP 
CERTAIN GASES AND LIQUIDS. 



In this section full directions are given for the preparation of some 
of the more important gases and for certain instructive experiments 
which may be made with them. The processes of preparation and 
manipulation required for these gases are more or less typical ; the 
student will therefore, from the experience gained by performing these 
experiments, easily prepare and experiment upon other gases from the 
brief directions given here or in any treatise on chemistry. Two 
examples of the process of distillation are also appended. The para- 
graphs in small type may be omitted if time is limited. 

The reference numbers enclosed in brackets refer to the paragraphs ; 
these numbers will be found in thick type in the text and in square 
brackets at the head of each page. 

A full list of the apparatus and chemicals required for this section 
will be found in the seventh section ; and the fitting and use of the 
a2)paratus has been already explained in paragraphs (1-12). 



The student must carefully read through the whole description of 
each experiment before beginning to perform it, and after its success- 
ful performance a brief description of it should be entered in the 
note-book. Two students may advantageously, but not necessarily, 
work together through this section : in the subsequent sections, how- 
ever, each student should work independently. 



Oxygen gas. 

13. When iron is exposed for some time to moist air ita 
surface becomes covered with rust; many other metals 
undergo a similar change in moist air, but the alteration 
produced in their appearance is not usually as noticeable 
as in the case of iron. The liquid metal mercury does not 
rust as iron does in moist air, but it becomes slowly covered 
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with red mercxiry rust when it is strongly heated for some 
time in a flask open to the fur; this merotiry rust has 
received the name of mercuric oxide. The fact that metals 
become heavier by mating proves .that something is added 
to them during the process. This is confirmed by tlie 
ibllowiug experiment. 

Exp. 1, — ^Place in a small perfectly dry test-tube suffi- 
cient mercuric oxide to cover the bottom ; heat the powder 
in the Bunsen flame (1, 13), loosely stopping the end 
of the tube with the thumb, as is shown in (fig 14). As 
soon as small drops of mercury form on the inside iif 




the tube, remove the thumb and quickly insert into the 
tube the burning end of a thin slip of wood; the flame 
«t11 be seen to bum more brightly. Heat the powder again 
for some time in the way just described, and introduce 
the slip into the mouth of the tube immediately after 
blowing out the flame and whilst there is a spark at its 
end; the glowing end will be caused to burst into flame. 
This behaviour with a burning or glowing slip of wood is 
one of the most remarkable properties of oxygen gas, and 
is frequently used as a test for its presence. The small 



globules of merciiiy may be united by rubbing the inside 
of the tube ; both the globiiles of mercury, aud any red 
oxide which remains, should be preserved. 

The chemical change which has occurred ia thus 
represented by a chemical eq^uation ; HgO = Hg + 0. Since 
heat can separate mercuric oxide into mercury and oiygeu, 
the process of mating evidently consists in the metal taking 
oxygen gaa from the air. The increase of weight during 
rusting, which has been already referred to, is thus ac- 
counted for ; and if all metsil nists could, like mercuric 
oxide, be decomposed by heat, oxygon might be obtained 
from any one of them. 

This method of making osygeu is, however, interesting 
mainly because it was the first means known of preparing 
the gas ; it is never used now-a-days to prepare lai^e 
quantities of oxygen, since other subetanees are lino«ii 
which contain a larger proportion of oxygen, and which 
give it off when they are heatfid more easily than mercuric 
iixide does : these substances are also preferable on account 
of their greater cheapness. 

Potassium chlorate is most fi-eiiuentty employed for the 
preparation of small qmuatities of oxygen ; if heated until 
no more gaa is given off it parts with the whole of its oxygen, 
us is shown by the following equation : KC103 = KCl + 0^. 

Exp. 2. — Place in a clean dry test-tnbe a little potassium 
chlorate and heat it. The wjiite salt after deerepitfitinff or 
crackling, fuiie» or melts, and when further heated appears 
to boil ; the smaJl bubbles, which are given off consist of 
oxygen gaa ; this may be readily proved by holding in the 
month of the test-tube a buniing or glowing splinter of wot>d, 

Potaasiimi chlorate gives off oxygen gas much more 
readily than mercuric oxide does ; but if it is mixed witli 
small quantities of certain other substances, which them- 
Bclvea appear to undergo no change, its oxygen is driven off 
by heat with extreme facility; of these substances man- 
ganese dioxide, or Idacfc oxide of manganese, i 
usually chosen. 
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Exp. S.^Powder finely in a mortax potassium chlorate 
sufficient to fill a watch glass, mix with it in the mortar 
about one-fifth as much powdered manganese dioxide, and 
heat a small quantity of the mixture in a test-tube ; the 
oxygen can be detected by the spark test as soon as the 
mixture is heated, and a comparatively gentle heat will 
cause the gas to be rapidly evolved. 

In the preceding experiments the oxygen has been detected 
in the tube in which it was prepared, and has been allowed 
to pass away freely into the air. When the gas is to be col- 
lected in a vessel unmixed with air, the vessel is first filled with 
water, and the gas is then allowed to displace the water. 
For this purpose the oxygen is made to pass through a 
bent glass delivery-tube, which is fitted by means of a cork 
into the mouth of the test-tube ; the end of this tube dips 
into some water, and the bubbles of gas as they issue are 
allowed to rise into a vessel full of water which is inverted 
over the end of the delivery-tube. This process of collect- 
ing oxygen is fully described in the following experiment. 

Exp. 4. — Select a sound cork which is somewhat too 
large to fit the mouth of the test-tube to be used; soften 
it by squeezing, or by rolling it on the floor with gentle 
pressure fix>m the foot; it should now fit tightly into 
the mouth of the test-tube. Then bend (4) a piece of 
hard glass tubing, about fourteen inches in length, into 
the form shown in (fig. 15); so adapting the bends by 
trial, that when the apparatus is fitted together, the bottom 
of the test-tube may be at such a height as to be conveniently 
heated by the flame, the end of the delivery-tube at the 
same time dipping about an inch imder the water contained 
in a strong stoneware pan. Make a hole through the 
centre of the cork (9) of such a size that the glass tube fits 
tightly into it. Then test whether the apparatus is air- 
tight by fitting the glass tube into the cork, and the cork 
into the test-tube, and blowing down the open end of the 
delivery tube ; no air must be heard to escape, or must be 
seen to bubble out on moistening the cork; if air does 
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escape, a freBh cork must be taken. Now tranBfer thfi 
oiygen mixture into the perfectly dry teat-tube, either by 
pouring it off a piece of paper folded into a trough, or by 
scooping it up from the mortar with the mouth of the t«at- 
tube ; then fit in tlie cork and delivery-tube. 

Before heating the tube, fill the jar in which the oxygen is 
to be collected with water, close it with a ground-glass plate, 
in\'ert its mouth in water three or four inchea in depth 
(xmtainod in the stoneware pan or bowl, and carefully 
remove the glass plate. If this operation has been per- 




fiirmed with proper care the jar wiU be entirely filled with 
water, and no air bubble will remain. 

Next proceed to heat the oxygen mixture at the forward 
jiart only, since the escape of gas from behind would force the 
front part of the mixture out of the tube. The tube should 
either be held in the hand or supported by a clamp with its 
closed end slightly raised, so that amy moisture which may 
Ix) condensed in the cold end does not trickle Iwiek uix>n the 
heat^ portion and crack it. The lamp ahonid bo kept 
slowly movinfi with the other hand, and a small flame only 
iirtcd, in onler to prevent any part of the glass from lieing 
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suddenly and strongly heated, which would be liable to 
crack or melt it. 

Oxygen gas will soon be evolved, but will not at once 
appear at the end of the delivery-tube, since it has first to 
drive out the air which filled the apparatus ; as soon as a 
slip of wood glowing at its end is kindled at the mouth of 
the delivery-tube, the oxygen has driven out the air and is 
beginning to escape ; the end of the delivery-tube is then at 
once dipped under water beneath the mouth of the jar, and 
the stream of bubbles rising in it will rapidly displace the 
water. A stoneware beehive shelf will be found convenient 
for supporting the jar: this is shown in (fig. 18). As soon 
as the vessel is full of gas, close its mouth under water with 
the glass plate, and remove it for experiment. The jar may 
also be removed by slipping imder its mouth a small dish or 
saucer, the water taken out in the saucer serving to close 
the mouth of the jar. 

Several jars filled with oxygen will be required for the 
following experiments, or the same vessel may, if necessary, 
be refilled with the gas after the completion of each experi- 
ment. 

If at any time the gas should be given ofi^ too rapidly, 
the flame must be removed imtil the current of gas slackens ; 
the hinder portions of the mixture should be heated only 
after the part in front refuses to yield any more gas : when 
the process is to be stopped, the end of the delivery-tube 
must be removed from the water before the gas has ceased 
to bubble out; and the hot part of the test-tube must not be 
allowed to touch cold or wet objects, which would crack the 
glass. 

Oxygen gas is remarkable for the energy with which it 
combines with or bums many substances : three examples 
of this property are given in the following experiments. 

Exp. 5. — Select a piece of toood charcoal about the size of 
a hazel nut \ place this in a metal deflagrating spoon, then 
adjust the wire handle in the brass cap, so that when held 
beside the jar of oxygen with the cap on a level with its 
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mouth, the spoon is about an inch from the bottom of the jar 
(fig. 16). Now heat the charooal in the Bunscn or blowpipe 
i'lG. 16. flame (5) until a part of ita surface glows 

when held in the air, and quickly place 
it in the jar of oxygen with the brass 
plate covering its mouth (fig. 16). The 
charcoal will bum much more brilliantly 

fand rapidly than in air, and will convert 
the oxygen into carbon dioxide gas : 
C + Oj = CO^ When the combustion 
ceases, pour into the jar some clear lime 
water from a. small beaker or teat-tube, 
quickly close the jar and shake the 
hquid inside it ; the clear liquid ^ill 
become milky, indicating the presence of 
^^■j^^^f^^ carbon dioxide gas as will be hereafter 
^^2^^^^^^ explained. 

Exp. 6. — RemoTe the charcoal from the deflagrating spoon, 
and replace it by a piece of eulpkur as lai^e as a pea ; heat 
the spoon in the flame until the sulphur melta and begins to 
bum with a pale bhie almost invisible flame. Then place 
the spoon in a fresh jar of oxygen ; the sulphur will at once 
bum with a much brighter Same converting the oxygen into 
sulphur dioxide gas : S + O^ = SO^. The presence of this 
gaa is proved by its suffocating smell : also by pouring a 
little water into the jar and shaking it round ; sulphurous 
acid is thus formed, and is recognised by dropping into the 
water a piece of blue litmus paper, which ia inunediately 
reddened ; also by pouring in a few drops of red potassium 
dichromate solution, the colour of which changes to green. 

EsP. 7. — Bum away from the deflagrating spoon any re- 
maining sulphur, and put into it when cold a small piece of 
carefully dried phtupkorus not larger than half a pea. The 
phosphorus may be cut with a knife ; it must bo touched 
only with the brass tongs or with ruet fingers, and should be 
handled as little as possible, since it is liable to catch fire 
by the heat of the hand ; it should always be kept imder 
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water, and dried only inimediately before being used by 
pressing it between filter-paper or blotting-paper or with a 
dry cloth. Set fire to the phosphorus by holding the spoon 
in the flame and notice how it bums in the air ; then place 
the spoon in a jar of oxygen; the phosphorus will bum 
most brilliantly, producing a white substance called phos- 
phoric oxide: P2 + 05 = P205. When the phosphorus has 
ceased to bum, pour in a little water and shake it roimd in 
the jar; the white substance will dissolve, yielding phos- 
phoric acid : PgOg + SHgO =* 2HgP04. The water may now 
be proved to contain this acid by dropping into it a piece of 
blue litmus paper, which will be immediately reddened. 

Test for oxygen, — Oxygen is conveniently tested for by 
introducing into the gas a slip of wood with a spark at the 
end ; the spark is caused to burst into flame. One other 
gas possesses this property, but it is readily distinguished 
from oxygen by other means. This test only detects oxygen 
when it is in a nearly pure condition. Another test for 
uncombined oxygen in gaseous mixtures is given in experi- 
ment 25. 

Nitrogen gas. 

14. Atmospheric air has been shown to contain oxygen, 
but experiment proves that its main constituent is another 
gas called nitrogen. To obtain this gas phosphorus may be 
burnt in air enclosed over water ; the phosphoric oxide thus 
formed is allowed to settle down and dissolve in the water ; 
the nitrogen which remains will then be. found to amount to 
four-fifths of the air employed, and to have the property of 
extinguishing a flame. 

Exp. 8. — The air may be most conveniently enclosed in a 
bell jar, by immersing the mouth of the jar to a depth of 
several inches in water contained in a stoneware pan, and 
then inserting the cork or stopper into its neck (fig. 17). A 
small piece of well-dried phosphorus is placed in a little dry 
porcelain dish, and the dish is floated on the water in the 
pan ; the open bell jar is then placed as a cover over the 
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floating dish, with its mouth resting on two strips of sheet 
lead laid upon the bottom of the ptm ; the phosphorus is 
kindled by touching it with the end of a long piece of wire, 
or of a glass rod, which has been heated in the flame ; 
the cork or stopper is then immediately inserted, and the 




jar is held dowii by the hand until it stands steadily. 
When the phosphorus has united with all the oxygen of the 
enclosed air, it ceases to hum ; and aa the remaining gas, 
expanded by the heat, cools, water rises in the beU jar 
and fills one-fifth of the space previously occupied by the air. 
Test for nitrogen. — Water should then be poured into the 
pan until the level inside and outside the bell jar is the 
same ; if the cork or stopper is now removed and a burning 
taper or strip of wood ia introduced, the flame will be at 
once eitinguished bj- the nitrogen. 



0i;0XE GAS. 

15. Oxygen is converted by electricity, and during 
certain processes of chemical oxidation, into a gas known 
as ozone. This gas has a peculiar smell, and possesses 
other properties which distinguish it from oxygen; 
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since, however, it can be both made from oxygen, and 
reconverted into oxygen, without any change of weight 
occurring, ozone is only altered or allotropic oxygen. 

Exp. 9. — Place a piece of phosphorus in a jar of air, the 
bottom of which is just covered with a thin layer of water, 
and close its mouth with a glass plate. Stir a little starch 
powder with some cold water, and pour this gradually into 
water which is boiling briskly in a small porcelain dish ; 
cool this starch solution, and mix a few drops of potassium 
iodide solution with part of it in a little porcelain dish ; 
moisten with this liquid a strip of filter paper, and suspend 
it in the jar containing the phosphorus. Sooner or later the 
strip will become blue by the action of the ozone, which 
has been formed during the spontaneous oxidation of the 
phosphorus ; the faint garlic smell of ozone will also be per- 
ceptible in the jar. 



Hydrogen gas. 



16. Water consists of oxygen combined with another gas 
called hydrogen ; several processes are known for preparing 
hydrogen from water. This gas is, however, most readily ob- 
tained from certain acids by the action of metals upon them. 

Exp. 10. — Fit a two-necked WoulfFe's bottle with per- 
forated corks, bearing a thistle funnel whose end reaches 
nearly to the bottom of the bottle and a bent tube terminat- 
ing just below the cork (fig. 18) ; then adapt a bent delivery- 
tube by means of a short piece of tightly-fitting india-rubber 
tubing. A wide-necked bottle, fitted as is shown in (fig. 21, 
p. 27), may be used instead of the WoulfFe's bottle. Put 
into the bottle sufficient granulated zinc to cover the 
bottom ; replace the cork ; ascertain that the apparatus is 
air-tight by closing the end of the delivery-tube and blow- 
ing down the thistle funnel ; then pour water in through the 
funnel until the zinc and the end of the funnel-tube are 
covered and add pure strong hydrochloric acid gradually, 
mixing the acid with the watet by shaking the bottle ; 
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hydrogen will be seen rising from the i 
small bulibles : Zii + 2HC1 = H^ + ZnCla. 

Dip the eud of the delivery-tube under water contained h 
the pan, and allow the gas to bubble out through the water 
for at least five minutes. This delay in collecting the gaa 
is necessary in order to give the hydrogen time to remove 
the air which filled the bottle, a misture of air with certain 
proportions of hydrogen being explosive if kindled. Before 
eollecting loiter quantities, the escaping pis must be 




proved to be no longer esplosive ; this is done by inverting 
a teat-tube filled with water over the end of the delivery- 
tube, closiug it with the thumb when it is full of gaa, 
removing it irora the water, and holding its open mouth to 
a flame; if the gas bums with a slight explosion, the 
tube ia again filled with the gas and the experiment is 
repeated. As soon as the gas bums quietly with a pale 
flame, a small thick glass cylinder or tube may be filled with 
hydrogen in the same way as was directed for oxygen ; th« ' 
jar is then removed and the gas kindled. 

During the further preparation of gas for the following 
esperimenta, it ia occasionally necessary to pour in a littla , 
more strong acid through the funnel-tube when the evolution J 
s too slow. 



Exp. II. — Hold another jar of hydrogen for a short timo i 
with its mouth open and directed upwards, the gua will 
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entirely .escape ; the absence of the gas may be shown by 
holding a lighted taper in the vessel, when no hydrogen 
flame will be seen. If the cylinder be once more filled with 
hydrogen and held for a short time with its mouth down- 
wards, the hydrogen will remain in it and will bum with a 
pale flame when a lighted taper is introduced : note, how- 
ever, that the gas lights with a slight report ; this is due to 
admixture of air by spontaneous diffusion. These experi- 
ments prove that hydrogen is much lighter than air, since 
its tendency to rise prevents it from escaping downwards, 
whilst it readily escapes upwards. 

Since hydrogen is so much lighter than air, it can be made 
to replace air instead of water in the vessel in which it is to be 
collected ; for this purpose the delivery-tube of the hydrogen 
apparatus is passed up to the top of an inverted jar, the 
hydrogen then gradually pushes down the heavier air and 
fills the jar. 

Exp. 12. — ^A jar may be filled with hydrogen by displace- 
??i€7ie by quickly replacing ^^^ ^^ 

the bent tube in the cork 
by a straight one eight 
or nine inches in length 
(fig. 19). When a brisk 
effervescence of gas has 
been caused by pouring 
in some strong hydro- 
chloric acid, pass this 
tube up to the top of an 
inverted jar, and allow 
the jar to remain in 
this position for several 
minutes. The mouth of 
the jar may be loosely closed during this process by a piece 
of perforated metal or cardboard, which rests upon a small 
piece of india-rubber tubing pushed on the delivery-tube; 
this will hinder the spontaneous mixture with the air, or 
diffusion, which occurs when the gases are in contact. 
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Remove this jar, keeping it inverted, and push up inside 
it a burning wax taper five or six inches in length; the 
hydrogen will be lighted and will bum with a pale flame at 
the mouth of the jar, but the flame of the taper will be seen 
to be extinguished by the gas : the taper may, however, be 
rekindled by holding it in the hydrogen flame burning at 
the mouth of the jar. 

Exp. 13. — Cover the bottle and funnel-tube with a cloth 
to prevent accident in case of an explosion, and light the 
hydrogen at the end of the delivery-tube used in the last 
experiment. Hold over the flame a tumbler or beaker, 
which is perfectly clean, dry, and cool ; the inside will become 
dimmed with moisture, showing that hydrogen gas when 
burning in the air is uniting with oxygen and producing 
water : Hg + = HgO. 

In order to make this result conclusive the hydrogen 
should be dried before it is burnt, since a gas which has 

been in contact with water is 
always moist, or contains more or 
less vapour of water. The gas may 
be dried or desiccated by passing 
it through some substance which 
readily absorbs moisture, such as 
strong sulphuric acid or calcium 
chloride. A straight tube contain- 
ing fragments of calcium chloride 
(fig. 20 a), or a U-tube filled with 
pieces of pumice-stone moistened with strong sulphuric acid 
(b), may be connected with the hydrogen apparatus for the 



Fig. 20. 




purpose of drying the gas. 

Exp. 14. — Fill a short thick glass cylinder with water, then 
invert it in a pan of water ; displace one-third of the water in 
the cylinder with oxygen (13, Exp. 4), and the remainder with 
hydrogen (16, Exp. 10); let the jar stand with its mouth 
under w^ater for five or six minutes to allow the gases to mix ; 
then raise the inverted jar and apply a lighted taper : the 
gases will combine to form water with a loud explosion. 
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Test for hydrogen, — Hydrogen gas is recognised by burn- 
ing with a pale flame in air or oxygen, the flame of the dried 
gas depositing water on any cold object held above it. 



Carbon dioxide, or Carbonic anhydride gas. 

17. This gas was formerly called carbonic acid, a name 
which is incorrect since all acids contain hydrogen. 

When carbon was burnt in oxygen (13, Exp. 5) carbon 
dioxide gas remained in the jar : it may be prepared in this 
way, but is much more easily obtained by pouring hydro- 
chloric acid upon some pieces of marble : 

CaCOg + 2HC1 = CO2 + HgO + CaClg . 

Chalk or limestone may be substituted for marble, but 
they are apt to froth and to give off the gas too rapidly. 

Exp. 15. — Rinse out the apparatus used for preparing 
hydrogen and place in it some small yiq. 21. 

pieces of marble; fit into the india- 
rubber joint a delivery-tube bent at 
right angles (4), as is shown in (fig. 21) ; 
then pour through the funnel-tube 
sufficient water to cover the marble and 
the end of the funnel-tube, and add 
strong commercial hydrochloric acid 
imtil th« gas comes off with brisk 
effervescence. Place the delivery-tube 
in a jar with its end nearly touching 
the bottom, and allow the gas to pass into the jar for 
several minutes. 

It is well to cover the mouth of the jar with a small disc 
of cardboard, which has had a slit or hole cut in it for the 
delivery-tube, so as to binder diffusion. 

Carbon dioxide, being much heavier than air, will soon 
fill the jar by displacement; that is to say, the gas con- 
stantly supplied to the lower part of the jar will remain 
there, and, as it accumulates, will gradually lift out the air. 
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Since this gas has the property of extinguishing a flame, 
it is easy to ascertain when the jar is full, by holding a 
lighted taper just inside its mouth : if the flame is extin- 
guished, the carbon dioxide has reached the top. 

Carbon dioxide is largely dissolved by water ; hence the 
process of collecting it by displacement is preferred to col- 
lection over water. 

"Exp. 16. — Allow ajar of carbon dioxide to stand uncovered 
and with its mouth upwards for a few minutes ; then place 
in the jar a burning taper : the carbon dioxide is proved to 
be still present in the vessel by the immediate extinction of 
the flame. Now hold the jar for several minutes with its 
mouth downwards ; on testing with a lighted taper, only air 
will be found in the vessel. 

These experiments prove that carbon dioxide is heavier 
than air, since it remains in a vessel which is open above, 
and falls out of one which is open below. 

Exp. 17. — ^As this gas is so much heavier than air, it can 
Fig. 22. ^® poured like water into a vessel 

full of air. A jar full of carbon 
dioxide is gradually tilted a little 
beyond the horizontal position 
(fig. 22), with its mouth over that 
of a small beaker. After holding 
the jar in this position for a short 
time, it may be shown by means of a lighted taper that 
the gas has left the jar and is present in the beaker. 

Exp. 18. — Pour some lime water from a test-tube or small 
beaker into a jar of carbon dioxide and shake the liquid 
round in the jar : the lime water will at once become milky. 
The lime, which was dissolved in the water and was therefore 
invisible, has been converted by the carbon dioxide into chalk 
or calcium carbonate ; and this, being an insoluble substance, 
remains mixed as a white powder or precipitate with the 
water: CaHjOg + COo = CaCOg + HgO. 
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Carbon dioxide gas readily dissolves in cold water, form- 
ing a liquid which probably contains carbonic acid : 
COg + HgO = HgCOg. This may be proved as follows. 

Exp. 19. — Carbon dioxide is made to displace the air from 
a jar previously half filled with cold water; the mouth of 
the jar is then tightly closed with the wetted palm of the 
hand, and the gas and water are shaken together vigorously 
for a short time ; the mouth of the jar will now finnly 
adhere to the hand, owing to the reduction of the internal 
pressure caused by the absorption of the gas. 

A further proof is afforded by dipping the end of the 
delivery-tube (fig. 21) to the bottom of a small beaker con^ 
taining water, so as to cause the gas to bubble through the 
liquid. After the bubbles have passed for several minutes, 
a few drops of the water may be poured into a test-tube 
containing lime water ; the lime water will immediately 
become milky. 

On dropping into another part of the carbonic acid solution 
a little blue litmus solution, or a piece of blue litmus paper, 
the litmus will become red, indicating the presence of an 
acid : preserve this liquid. 

K the liquid containing carbonic acid be tasted it will be 
found to possess a taste resembling that of soda water ; and 
in fact soda water is merely water which contains a large 
quantity of carbonic acid, as may be proved by testing it 
with Hme water and with litmus. 

Exp. 20. — Heat some of the water containing carbonic acid 
in a test-tube until it boils : bubbles of gas will rise in the 
water as soon as heat is applied, and after the liquid has been 
boiled briskly for several minutes, it may be proved to be free 
from carbonic acid by testing it with lime water and with lit-s 
mus. The reddened litmus in the carbonic acid solution put 
by from a previous test will also become blue when it is 
boiled. 

These experiments prove that carbon dioxide may be 
completely e:?cpelled from water by boiling the liquid for 
some time. 
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Exp. 21. — Dilute some lime water in a small beaker with 
an equal quantity of distilled water, and allow carbon 
dioxide gas to bubble through it ; a milkiness will be pro- 
duced at first owing to the formation of calcium carbonate ; 
but if the gas is allowed to pass for several minutes through 
the liquid, the milkiness will gradually disappear, showing 
that calcium carbonate is soluble in carbonic acid. 

On boiling some of this clear liquid, however, for several 
minutes, the carbonic acid will be destroyed as has been 
already shown ; the liquid therefore will become milky 
again, because the chalk can no longer remain dissolved. 
On pouring out the water part of the calcium carbonate will 
remain adhering to the inside of the tube; it may be readily 
removed by rinsing the tube with a little hydrochloric acid. 

The above experiment explains the origin of the coating 
or incrustation inside kettles and steam boilers, in which 
hard chalk water has been boiled. Such water contains chalk 
dissolved by carbonic acid ; this acid is removed when the 
water is boiled, and a great part of the chalk is deposited 
upon the inside of the vessel. 

Tests for carbon dioxide. — The presence of carbon dioxide 
gas may be detected by its power of extinguishing a burn- 
ing taper, and of turning lime water milky : the latter test 
distinguishes it from nitrogen. These tests may now be 
employed to prove that carbon dioxide is evolved from the 
lungs during the process of respiration, and also that it is 
produced by an ordinary flame. 

Exp. 22. — Invert a jar full of water in a pan of water 
and blow the breath into it through a glass tube, one end 
of which is dipped beneath the mouth of the jar. In 
order to obtain air from the lungs a full breath should 
be taken in, and the greater part having been expelled so 
as to replace the air contained in the windpipe and 
mouth by air fix)m the lungs, the remainder of the breath 
is allowed to bubble up into the jar. Close the jar, remove 
it ftx)m the pan, and introduce into it a lighted taper, the 
flame will be immediately extinguished. 



17, 18.] 



PREPARATION OF NITRIC OXIDE. 



31 



Fig. 23. 



Fill another jar in the same way and shake up lime water 
in it ; also blow the last part of the breath through a glass 
tube into lime water contained in a small beaker ; the lime 
water will become milky. 

Exp. 23. — Light a small piece of candle or wax taper 
upon a deflagrating spoon, and place it in a bottle of air the 
mouth of which is closed by the brass plate (fig. 23). After 
burning for a short time the flame will be extinguished, and 
if relighted it will be again extinguished when placed in the 
jar ; this is due to the production of carbon dioxide, and to 
the reduction of the amount of free oxygen 
in the air. Now pour in some lime water 
from a small beaker and shake it round 
in the bottle, the liquid will become milky. 
A similar experiment may be performed 
by inverting the bottle over a small gas 
flame, and closing the mouth of the bottle 
with a glass plate as soon as the flame is 
extinguished. The milkiness produced 
by shaking lime water in the bottle will 
again prove the production of carbon 
dioxide by combustion. 

Hence carbon dioxide gas is constantly being introduced 
into the atmosphere by respiration and by combustion, and 
we should therefore expect to be able to detect its presence in 
air by the above tests. It is not ordinarily present in 
sufficient quantity to extinguish a burning taper, but the 
presence of carbon dioxide in air may be shown by lime 
water in the following way. 





Exp. 24. — Pour some clear lime water into a watch glass 
or clock glass, and allow it to stand for a few minutes in 
the air ; a film of calcium carbonate will gradually form on 
the surface, yielding white flakes when the water is stirred. 



18. — Nitric oxide gas may be prepared in the apparatus already used 
for making carbon dioxide. The pieces of marble are removed 
and the apparatus washed ont ; some copper clippings or turnings 
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are then placed in the bottle, and water is poured in until the end 
of the funnel-tube is covered ; strong commercial nitric acid is then 
added gradually until a reddish-brown gas appears inside the bottle ; 
this gas is allowed to bubble off for a time through water ; it may 
then be collected over water as was directed for hydrogen gas : 
3Cu + 8HNO3 -= 2N0 + 3Cu(N08)a + 4H2O. 

Nitric oxide is colourless, but it is converted into reddish-brown 
nitrogen trioxide and nitrogen tetroxide when it is mixed with free 
oxygen. 

Exp. 25. — ProV^ this by filling a jar with nitric oxide gas over 
w.ater, and then either passing oxygen up into it, or allowing it to 
stand with its mouth open in the air ; the entrance of the oxygen or 
air at once produces red fumes. 

The appearance of red fumes in the preparation vessel is now ex- 
plained : the bottle was at first filled with air, the first portions of the 
gas therefore mingled with free oxygen as soon as they were produced. 



Ammonia gas. 

19. The pungency of common smelling salts is due to the 
ammonia gas which is constantly being given off from solid 
carbonate of ammonia. 

The gas is evolved much more rapidly if either carbonate 
of ammonia or sal ammoniac is mixed with lime, and the 
mixture is then gently heated. 

Exp. 26. — Powder a little ammonium chloride or sal 
ammoniac in a mortar, and mix with it about an equal 
quantity of slaked lime in fine powder: the ammonia gaa 
escaping from the mixture will be readily smelt : 

2NH4CI -h CaHgOg = 2NH3 + CaClg + 2H2O . 

Exp. 27. — Pour Liquor ammonixB fortissima into a small 
flask (fig. 24) until it is about one-quarter filled, and 
close the neck of the flask with a tightly-fitting perforated 
cork, into which a straight piece of glass tube eight or nine 
inches long has been fitted. Heat the flask gently by a 
small flame upon a piece of wire gauze on a tripod stand : 
ammonia gas will soon be smelt issuing from end of the 
tube. 

Since it is much lighter than air, ammonia may be col- 
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lected by displacement in a perfectly dry jar; the jar is 
convenientiy supported by ^^^ ^^ 

paasing it through the ring 
of a retort stand, and letting 
its mouth rest on a card- 
board disc, which ia . iteclf 
supported on a ring of india- 
rubber tubing as is shown 
in the figure. To ascerttun 
when the vessel is filled 
with the gas, it is only 
necessary to hold at the 
mouth of the jar a piece of 
moistened red litmus or 
yellow turmeric paper; if 
the ammonia has filled the 
jar, it nlLL change the colour 
of the litmus to blue and 
the turmeric to reddish-brown. 

Ammonia gas does not bum oontinuonslj in cold air, but 
it bums readily in strongly heated air or in oxygen gaa. 

Exp. 28, — Show this by holding the end of the delivery- 
tube, from which a stream of the gaa is issuing, in the top 
of a Bunsen fiame ; a pale yellowish-green flame of burning 
ammonia will be seen. If the ammonia is kindled as the 
end of the tube is passed into a jar of oxygen, the ammonia 
will also continue to bum. 

Ammonia is extremely soluble in water and must therefore 
be collected either by displacement or over mercury. For 
this reason the inside of a vessel in which ammonia is to be 
collected should always be perfectly dry to prevent absorption 
of the gas. 

Exp. 29.— Place ajar full of ammonia mouth downwards 
in a vessel of water, and gently shake the jar so as to agitate 
the water at its mouth ; the liquid will rapidly absorb the gas 
and rise in the jar until it fills the space formerly occupied 
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by the ammoiua : a small space, however, frequently remains 
filled with the air which was present 'm the ammonia. 

Esp. 30. — Pour a little water rapidly from a small beaker 
into a jar of ammonia gaa, and at once cover the jar with 
a glass plat€ or with the hand ; then shake the water 
in the jar; the water, when poured out, will be found to 
have acquired the pungent smell and the action upon 
litmus and turmeric papers which characterise the gas. 

This liquid is in fact weak Hqvor ammonite, a solution 
which is prepared commercially in large quantities by paaa- 
ing ammonia gas for some time into cold water. It slowly 
gives off a portion of the gas it contains at ordinary tem- 
peratures, and furnishes ammonia gas readily when heated 
as has been already proved. If aromonia solution is boiled 
for some time the gaa is almost completely eipelled from it, 

Exp. 31. — Pour into a glass jar a little strong hydrochloric 
acid, close the mouth with a glass plate and shake the acid 
about inside the jar, hydrochloric acid gas will thus be 
liberated; the liquid may then l>e allowed to run out by 
slipping aside the glass plate for a mootent. 
Place this jar in an inverted position over 
another containing ammonia gas and 
covered with a glaas plate (fig. 25 a) ; 
then withdraw the glass plates, so that 
the mouths of the jars are in contact 
(6) and the hydrochloric acid and am- 
monia gases can freely intermingle. 
Dense opatiue white fumes of solid am- 
monium chloride will immediately be 
formed: NHg + HCU NH^Cl. 

These fumes may also be obtained by dipping a glass rod 
or a strip of filter paper into some strong hydrochloric acid, 
and holding it in the ammonia gas as it issues from the 
delivery tube of the apparatus {fig. 24), or in a jar pre- 
viously filled with the gas. 

Tettt for ammfmia gat. — Ammonia gaa may be readily 
recognised by its pungent smell, by turning moistened rod J 
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litmus paper blue and moistened turmeric paper reddish- 
brown, also by giving opaque white fumes when in contact 
with any surface moistened with strong hydrochloric acid. 



Carbon monoxide gas. 

20. This gas is produced when carbon dioxide is passed 
over red-hot charcoal : COg + C = 2C0. It is often formed 
in this way in open grates, and is seen burning with its 
characteristic blue flame. 

A mixture of carbon monoxide with an equal measure of 
carbon dioxide may be cheaply prepared by heating crystals 
of oxalic acid with strong sulphuric acid : 

H2C2O4.2HJO + H2SO4 = CO + COg + H2SO4.3H2O . 

Exp. 32. — Pour upon some oxalic acid crystals in a test- 
tube about twice as much strong sulphuric acid, and heat 
the mixture.* In a short time effervescence will be noticed, 
showing that gas is being evolved ; hold in the mouth of the 
tube a glass rod freshly dipped into lime water ; the drop of 
lime water hanging upon its end will become milky, proving 
that carbon dioxide is present. Hold a burning taper to 
the mouth of the test-tube, a blue flame will be produced by 
the carbon monoxide gas burning in the air. 

In order to free the carbon monoxide from carbon dioxide 
the mixture of the gases is toashed with solution of 
caustic soda, or is passed over pieces of solid caustic soda or 
soda lime; the caustic soda absorbs the carbon dioxide 
readily, but allows the carbon monoxide to pass on : 

CO + CO2 + 2NaH0 = CO + NagCOg + H2O . 



* Strong sulphuric acid is a very corrosive liquid, and great care 
must be taken not to get any upon the skin, the clothes, or the work- 
ing bench ; should this or any other acid get upon the skin or the 
bench, it must be at once washed off; if it should be spilt upon the 
clothes, the part must be immediately wetted with ammonia solution. 

If a dilute acid has remained for some time on the clothes it will 
produce a red stain ; this may be removed by ammonia solution, unless 
ft has been caused by nitric acid. 
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Exp. 33,- — Heat a, mixture of oxalic acid crystak and 
Btrong sulphuric acid in a flask fitted aa is shown in (fig, 26), 
carefully moderating the heat when efferveacence commences. 
Pass the gases which are evolved through a wash-bottle 
containing caustic soda solution, or through a tube (a) 
or a U-tube (b) shown in (fig. 20), which is filled with frag- 




ments of slaked lime, caustic soda, or better soda lime, or 
with fragments of pumice-atone or broken tobacco-pipe stem 
moistened with strong caustic soda solution ; if the carbon 
dioxide is to be completely removed, the gases must be 
passed through two or more such tubes or bottles. 

The carbon monoxide gas may be collected over water ; 
it will be found to give no milkineas when it ia shaken with 
hme water, unless the stream of gas has been so rapid that 
the caustic soda has not been able to absorb the carbon 
dioxide completely. 

By heating a formate with strong sulphuiic acid carbon 
monoxide alone is given off; it ia thus readily obtained freo 
from carbon dioxide: NaHCOg -f H^SOj =■ CO -H NaHSO^. HjO. 

Carbon monoxide resembles hydrogen in being inflam- 
mable and in extinguishing flame ; it also explodes when it 
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is mixed with certain proportions of oxygen or air and 
kindled; hence, before collecting it in a cylinder, the gas 
should be proved to be free from air by filling a small test- 
tube and seeing that it bums quietly. 

Exp. 34. — Push a burning taper up into a jar filled with 
carbon monoxide ; the gas will bum with a blue flame at the 
mouth of the jar, but the taper will be extinguished. As 
soon as the gas has ceased to bum inside the cylinder, pour 
in a little lime water and shake it about; the liquid will 
become milky, showing that by the combustion of carbon 
monoxide in the oxygen of the air carbon dioxide gas is 
produced: C0 + = C02. 

Test for carbon monoxide, — Carbon monoxide is recognised 
by burning with a pale blue flame in the air, and producing 
carbon dioxide which renders lime water milky. 



21, Chlorine gas may be made in the apparatus employed for the 
preparation of carbon monoxide (fig. 26) : the washing-bottle may 
either be dispensed with, or it may be partly filled with water to free 
the chlorine from hydrochloric acid gas. 

ExF. 35. — Place some small pieces of manganese dioxide in the flask, 
pour in strong hydrochloric acid mixed with about one-third its 
measure of water, and heat the mixture gently in a draught-cupboard or 
in the open air. A greenish-yellow gas will be evolyed, which may be 
collected by displacement since it is much heavier than air : 

MnOa + 4HC1 = CLj + MnClj + 2H2O . 
This gas has a very destructive action on the lungs, and must on no 
account be inhaled in any quantity. 

Tests for chlorine. — Chlorine is usually recognised by its yellowish- 
green colour, its peculiar smell, and by its property of bleaching 
moist vegetable colours. 

This last property is shown by placing in a jar of the gas a piece 
of moistened litmus paper, or of Turkey-red fabric dyed with madder : 
the colours of both will be destroyed. A burning wax taper plunged 
into a jar of chlorine continues to bum with a very smoky flame : 
a strip of filter paper wetted with hot turpentine catches fire spon- 
taneously in chlorine, and gives rise to dense smoke : a piece of dutch- 
foil or copper-leaf also bums when dropped into chlorine. 



22. Hydrogen chJoride, or hydrochloric add gas, 

Exp. 36. — Place in the flask which was used for the preparation of 



catbon monoxide (Sg. 26) several lumps of rock salt or aodinm chloride ; 
poor in some strong Gulphuric acid and heat gently ; hydrochloric 
acid gaa will be evolved: NaCl + H3S04=HCl + NaH30,. Thiagaais 
heaTier than air and ahonld be collectod hy displacement in the same 
way as curbon dioxide, since it dissolves easily in water giving liquid 
hydrochloric acid. 

TesUfor hydrochloric add.— This gaa is recognised by its pungent 
smell, by fuming in the air, by turning moistened blue litmus paper red, 
and by giving opaque white fimiea with ammonia gas or strong ammonia 
solution ; it will abo render milky a drop of ailver nitrate aolntion, 
which has been acidified with nitnc acid and is then introduced into 
the gas ou the end of a glass rod. 



28. SulphUTous otMc, or sulphur dioxide, has been already made by 
burning sulphur in oxygen ; prepare it alao as is directed helow. 

Exp. 37. — Put scraps of copper into the flask (fig. 26), then pour in 
strong commercial sulphuric acid and heat: sulphurous oxide is evolved 
when the acid nearly boils : Cn + 2H^04-SO, + CnSO( + 2HgO. 

The gaa may be cooled and washed by passing it through a liUU 
water : it is then collected by displacement, since it la much heavier 
than air and ia extremely solablo in water. 

Tests. — Show by introducing a burning taper int<i this gas that it is 
incombustible and estinguiahes flame ; note its pungent sufibcating 
smell : pour into a jar of the gaa some dilute solution of potassium 
diehromate and shake it round, also hang paper moiatened with the 
dichromate solution in the jar, the reddish colour is rapidly changed 
to green : prove also that the gas is freely soluble in water, and that 
its solution is an acid. Sulphur dioxide ts easUy detected by these 



2i. N&rogen monoxide, or nilroui oxide. 

Esf , 3S. Thia gaa may be made by heating aolld 
NH,NO,=NjO + 2HjO. The flask (fig. 26) should be dosed by a 
singly perforated cork bearing a delivery-tube bent twice at tight 
angles. The washing -bottle is replaced by a aimilar flask closed by 
a doubly perforated cork ; the tubes pass just through this cork, and 
the flask is weighted by xxiuring shot into it, so that it may be 
sunk into a pan of cold water : it serves to condense the eteam whicii 
escapes with the gas and to cool the gas. Nitrogen monoxide is much 
heavier than air and may be' collected by displacement. 

Teatt for ntf rolM osrufs. — This gns has a sweet taste ; it kindles a 
spark on a splinter of wood, bnt diflera from oxygen by causing aflame 
to bam with a greenish halo around it, and by giving no red fumea 
with nitric oxide. 



J 
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Dmtilmtion. 

29. This process serves to separate liquids which boil 
at a comparatively low temperature either &om solids, or 
from other liquids which are only converted into vapour 
at a much higher temperature. It cousiste in boiling the 
liquid and coohng or eondauing iia vapour into a hquid 
termed the distillate; the non-volatile solid or liquid sub- 
stances are thus left behind in the vessel in which the liquid 
is boiled. The purification of common spring water from 
the soLd substances dissolved in it, and the preparation 
of nitric acid, will serve as example of this process. 

£xF. 39. — Distillation of waUfr. — Pour tap water into a 
dean retort (fig. 27) through a funnel placed in the mouth 
or in the tubulure, until the bulb of the retort is half fiilL 
Support the retort on the ring of a retort stand or upon a 
tripod stand, with its neck sloping downwards and dipping 
into a small clean flask, which is partly immersed in cold 
Fio. 27. 




water contained in a pan or bowl. On carefully boihng the 
water in the retort, ffteam will pass into the flask and will be 
there condensed to distilled ivater. The first portion of the 
distillate should be shaken round in the flask and thrown 
away, as it is apt to have been rendered impure by rinsing 
the neck of the retort and the flask. 

While this process of distillation is going on, add to some 



Ifl- 



DISTILLKD WATER. 



tap water in a teat-tiibe Beveral drops of nitric acid and of 
silver nitrate solution, and notice that the water becomea 
milky ; this result shows the presence of a chloride in the 
water, 

A separate portion in another test-tube will also be found 
to become milky on the addition of some ammonia and 
ajnmonium oxalate solution; the disaolved lime or calcium 
salts produce this turbidity. 

The presence of a mlphate may be proved by adding to 
another portion a few drops of hydrochloric acid and of 
barium chloride aolution. 

If the distilled water from the flask be examined in the 
same way it will remain clear, showing that these solid i 
substances have been recuoved by distillatJon. 

Show also the precipitation of soap by the undistilled water. 
For this purpose dissolve a small shaving of ordinary soap 
by warming it in a little distilled water : add a few drops of 
this soap solution to some tap water which half fills a test- 
tube ; close the mouth of the test-tube with the thumb, and 
shake the water well ; no lather wiU form, but the water 
will appear more or leas turbid owing to the separation of 
the soap. Repeat this experiment, substituting an equal 
quantity of distilled water for the tap water, and adding soap 
solution to it in the same quantity as before : in this case 
a lather will form on shaking the water, and the liquid will 
not become turbid. 

Tests for distilled viaUr. — Distilled water should remain 
perfectly clear when to separate portions of it are added solu- 
tions of ammonium oxalate, silver nitrate, barium chloride, 
and ammonium sulphide : these testa prove the absence of 
calcium salts, chlorides, sulphates, and of lead and iron salta 
respectively. Distilled water should Idave no residue when 
it is evaporated to dryness. 

Exp. 40, — Preparation of nitric acid. — Cleanse the retort 
from the last experiment by shaking round in the bulb a 
httle dilute hydrochloric acid, and thoroughly rinsing it 
out with water ; let it drain for a few minutes, and then 
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pour in some solid nitre or potassium nitrate ; add to this, 
through a funnel placed in the neck or tubulure, a quantity 
of strong sulphuric acid about equal m weight to the nitre 
used ; and in case a non-tubulated retort is employed, allow 
the acid to drain off the neck by supporting it for some 
time in an upright position. Proceed to distil just as in 
the preceding experiment ; a yellow oily liquid will trickle 
down the neck of the retort into the flask ; this liquid is 
somewhat impure nitric acid; it will be found to fume 
strongly m the air : KNO3 + HgSO^ = HNO3 + KHSO4. 

The liquid remaining in the retort should be poured out 
as soon as it is cool ; the retort is then rinsed with water. 

Test for nitric add. — Pour a little of this acid upon some 
small pieces of copper in a test-tube ; reddish-brown fumes 
will appear in the tube either at once or on gently warming 
it, an explanation of this result is given under nitric oxide 
on page 32. This property of giving red fumes when treated 
with copper is often used as a test for nitric acid. 



SECTION III. 



ANALYTICAL OPERATIONS. 



In all analytical work the water used must be distilled vxxter, and 
this only should be kept in the wash -bottle. 



Before commencing the analytical reactions, the student 
should become familiar with the operations which are ccm- 
stantly employed in chemical analysis. The processes will 
be easily understood by reading through the following 
descriptions and performing the experiments given in 
illustration of them. 



Solution. 

26. Many solid substances, when they are stirred or 
shaken with water, gradually dissolve in that liquid; salt 
and alimi may be mentioned as examples. Other liquids 
may be employed instead of water, and if they cause solid 
substances immersed in them to become partially or entirely 
liquid and to mingle uniformly with the liquid, they are 
said to dissolve the solids. The liquid thus obtained is 
called a solution of the solid, and the liquid which dissolves 
the solid is termed the solvent Further, a solid which 
dissolves in a liquid is said to be solvhle in that liquid ; if it 
does not dissolve it is said to be insoluble. Thus water when 
shaken with sodium chloride or common salt dissolves it, 
yielding solution of sodium chloride ; water is therefore called 
a solvent for sodium chloride, and this salt is said to be 
soluble in water. 

The process of solution is most rapid when the solid sub- 
stance in the state of powder is stirred in the liquid, since 
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the largest possible surface of the substance is thus exposed 
to the solvent ; solution is also much hastened by heating 
the solvent, since this causes a more rapid circulation of the 
liquid over the solid, and usually increases the solubility of 
the substance. 

Two kinds of solution may be distinguished. 

Simple solution occurs when a substance dissolves in a liquid 
without alteration in composition; the solution, therefore, 
possesses the taste, colour, and other general properties of 
the solid ; it also yields the solid substance again when the 
solvent is removed by evaporation. Solution of sodium 
chloride in water is an example of a simple solution. 

Chemical solution, on the other hand, is always attended 
by a chemical change in the substance to be dissolved ; the 
solution therefore contains a substance dififering in compo- 
sition fix>m the undissolved solid, and on removing the 
solvent by evaporation the original substance is not 
obtained. 

Exp. 41. Place a piece of potassium nitrate in a small clean 
beaker ; partly fill the beaker with water and stir the solid 
about with a glass rod; the potassium nitrate will slowly 
dissolve in the water ; if the liquid be heated by placing the 
beaker on wire gauze over a small flame, the solution will be 
much more rapidly effected. 

Powder another piece of potassium nitrate by crushing it 
in a mortar, and then rubbing it round with the pestle ; 
place this powder in a beaker, pour in water, and heat the 
bottom of the beaker ; the potassium nitrate will dissolve 
much more rapidly than before, showing that solution is 
accelerated by powdering the solid and by employing heat. 
Keep these solutions. 

Exp. 42. — Powder a little copper sulphate in a mortar, 
transfer it to a small porcelain dish, half fill the dish with 
water, and heat it with a small flame upon a pipe-clay 
triangle placed on a tripod or retort stand. The blue copper 
sulphate dissolves yielding a blue solution. Keep this 
solution. 



These esperimenta are esamples of simple solution. 
The first showa that a colourlesa solid gives a, colLOurleBa 
BolutioD, and the second that a coloured solid gives a coloiired 
solution. This is generally true, and heuce the presence or 
absence of a coloured substance in a solution can often be 
inferred hy merely noting the colour of the liquid. 

Moreover if a drop of the potassium nitrate solution be 
tasted, it will be found to possess the same teste as the solid; 
chemists occasionaUy rely upon taste, as well as upon colour, 
when esamining simple solutions. 

Exp. 43.^Place in a test-tube a small piece of marble or 
calcium carbonate, pour upon it a little water and heat the 
tube ; the calcium carbonate will be found to be insoluble in 
water. Add to the water some hydrochloric acid ; efervei- 
cence, or escape of numerous smaU bubbles of gas, will occur ; 
the piece of calcium carbonate will meanwhile slowly 
rtimimsh in size, and will at last entirely disappear in the 
liquid if sufficient acid is added. 

Exp. 44. — Place in a test-tube a small piece'of copper; 
on warming this with a little water it remains undissolved; ■ 
but on adding to the water some nitric acid and heating, 
the copper slowly dissolves giving off red fumes ; it may be 
entirely dissolved if sufficient nitric acid is employed. 

These are two examples of chemical solution ; the calcium 
carbonate is changed by the hydrochloric acid into calcium 
chloride, and this substance, not the calcium carbonate, 
remains in solution. The copper is changed into copper 
nitrate, which is then dissolved by the water. It will be 
noticed that in each of these cases a gas is given olf; this 
is a very usual, but not a universal, effect of chemical 
solution ; the distinguishing fact is that the solid substance 
has undergone a chemical change in the act of passing into 
solution. 



Evaporation. 
27. When it is wished to obtain a substnuco, which i 

a liquid, in the solid condition, the liquid ia I 
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boiled away as vapour or evaporated; the solid substance 
is then left behind in the vessel. 

Exp. 45. — Pour the potassium nitrate solution fix)m (Exp. 
41) into a porcelain evaporating basin, and heat it over the 
Bunsen flame until the water has been nearly boiled away; 
then make the flame smaller and continue heating until the 
water has disappeared : the solid potassium nitrate will be 
left in the dish. 

In evaporating a solution, a small flame should always be 
used towards the end of the process ; and to prevent the 
substance from, spirting out of the dish, the flame should be 
moved about, or the dish may be covered with a round filter 
paper. 

Often only a part of the liquid is evaporated for the 
purpose of concentrating the solution or removing a portion 
of the solvent. A hot solution, when sufl&ciently concen- 
trated, will frequently deposit crystals of the dissolved sub- 
stance if it is allowed to cool. 

Exp. 46. — Concentrate the copper sulphate solution made 
in (Elxp. 42) and allow the liquid to cool ; if sufficient water 
has been evaporated crystals will form : keep the copper 
sulphate in the dish. 



Precipitation. 

28. Two perfectly clear and transparent solutions, on 
being mixed together, often become more or less turbid or 
opaque, owing to particles of a solid substance being formed 
in the liquid : a solid substance thus produced is called a 
precipitate. 

Exp. 47. — Pour into a test-tube some barium chloride 
solution, then add anunoniimi carbonate solution ; a white 
precipitate of barium carbonate will form : keep this test- 
tube with the precipitate. 

In this instance barium chloride and ammonium carbonate 
separately dissolve easily in water ; but if their solutions 
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are mixed they yield by a chemical change two different 
substances, ammonium chloride and barium carbonate ; the 
former of these dissolves in water, but the latter is insoluble 
and therefore remains as a fine powder in the liquid. 

A substance is frequently removed from solution by caus- 
ing it to form an insoluble compound or precipitate; the 
substances which are added for the purpose are termed 
reagents : they are commonly liquids. 

In producing a precipitate, care must be taken that the 
two solutions are well mixed ; mixture may be effected by 
closing the mouth of the test-tube with the thumb and 
several times inverting it ; or, if the liquid is hot or corro- 
sive and must not be allowed to touch the skin, the liquids 
may be mixed by warming the bottom of the test-tube in 
the flame, by stirring the liquid with a glass rod, or by pour- 
ing it from one vessel to another. 

A precipitate is often caused to appear more rapidly by 
thoroughly mixing or agitating the liquid, or by warming it. 

Precipitates differ much in appearance and properties; 
and are therefore frequently produced by the addition of 
suitable reagents in order to show the presence of a 
substance, or to separate one substance from another. 

The appearance of a precipitate is usually described by 
its colour and its condition : it is fioccvlent if it forms in 
flock-like masses, crystalline if it consists of small particles 
which are seen to be crystals under a lens or microscope, 
gelatinous if jelly-like. A slight precipitate causes only a 
turbidity in a liquid. 

The colour of a precipitate or liquid is often felsified by 
gaslight ; if the oolour is to be seen at night, it should be 
examined with the light produced by the electric arc or by 
a piece of burning magnesium ribbon. 

Occasionally iolid substances are used to produce pre- 
cipitates: thus a metal is not unfr^uently precipitated 
from the solution of its salt by the immersion in it of 
another metal 

Exp. 48. — Dip a dean penknife blade into some of the 



\ 
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copper sulphate solution left from (Exp. 46), to which a 
few drops of sulphuric acid have been added ; after a short 
time the metal copper is precipitated from its solution and 
covers the iron as a red film. 



Filtration. 

29. This process serves to separate a precipitate from a 
liquid in which it is suspended. 

The liquid containing the precipitate is poured upon 
porous paper ; the liquid itself runs through the pores of the 
paper, but the solid particles of the precipitate are retained 
upon the surface of the paper. The paper employed is called 
filtering paper and the liquid which runs through is termed 
the^^ra^. A filtrate may frequently be coloured by some 
substance dissolved in it, but it must always be perfectly free 
from turbidity caused by solid particles mspended in it 

Exp. 49. — ^Measure a glass frmnel along its sloping side 
firom shoulder to rim (fig. 28.) Select a circular 
filter paper, the radius of which is somewhat ^«^» 
less than this in length : fold it across, then 
again at right angles and open it out into the 
little conical bag (c?, fig. 29). 

If ready cut filters are not at hand, cut a 
square piece of filter paper whose edge is rather 
less than double the length of the side of the funnel; fold 
it over along the dotted line (a, fig. 29), then again along 
the dotted line (5); this gives a square {c) which at one 
angle has four free comers ; these are removed by cutting 
with a pair of scissors along the curved dotted line shown in 
(c). The filter is now made and only requires to be opened -, 
by separating the curved edges so that they form a circle, 
three remaining on one side of the circle and one on the 
other, a little closed pointed paper bag is formed {d), 

A filter of the same shape may be made from half an 
ordinary circular paper by folding this into a quadrant, 
doubling over the radial edges several times, and pressing 
them down sharply with the finger nail. This dispenses 




with, the imuBed half of the filter, and renders filtration 
more rapid. 

Fig. 29. 




The folded filter is gently pressed mlk dryfinifers into the 

dry funnel, and the folding is altered if necessary until the 

■pju go paper fitsthe glaasclosely; itisthen 

moistened all over with water from 

the wash-bottle and is ready for use. 

This prelimiuaxy moistening of the 

filter paper must not be neglected ; 

since if the hquid and precipitate 

are poured upon a dry filter, some 

particles of the precipitate may get 

^_l^ between the fibres of the paper, and 

^^^^ k^EI ^^^BB, shrinking when they are 

jH^ wetted, retain the solid particles, 

IfSBS which choke the pores of the filter. 

[fjjl The funnel may be placed with 

^^^^^RafE^aM its neck in a test-tube which is sup- 

^^^^^^^^^^H ported in its stand ; core must, how- 

1^^^^^^^^^^^ ever, be taken that the inside of 

the upper jiart of the tesMube is dry, and that there is a 

space between the neck of the funnel and -the inside of the 

tube, for if the egress of air is prevented the filtration is 

stopped. The funnel is therefore preferably supported upon 

the ring of a wooden filter stand (fig. 30) ; the filtrate 

being received in a small beaker instead of in a test-tube. _ 
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Great care must be taken whilst pouring in the liquid not 
to let it reach the upper edge of the filter paper. 

Exp. 50. — Filter the liquid containing the precipitate of 
barium carbonate fix)m (Exp. 47). If the above directions 
have been carried out, and no hole has been made in the paper 
whilst preparing or fitting in the filter, the filtrate will run 
through perfectly clear, leaving the barium carbonate on the 
filter. Keep the funnel with the filter and precipitate. 

The filter must always be of such size that when placed 
in the funnel its edge is below the rim. Sometimes the 
filtrate runs through turbid ; the whole, or the first portions 
of it, must then be poured once or twice through the same 
filter ; or a double filtration may be performed in one opera- 
tion by pouring the liquid at once through a double filter. 

It should be borne in mind that a liquid passes through 
the filter most quickly when hot ; hence, if not inadmissible 
for other reasons, a solution should always be boiled before 
being filtered. 

Common filter paper contains a little calcium carbonate ; 
this is of no importance in an ordinary analysis, and is only 
objectionable when an acid solution has to be examined for 
traces of calcium after filtration. To remove this impurity 
the filters are moistened in a funnel with dilute hydrochloric 
acid, and are then well washed with distilled water. Filters 
may, however, be obtained at small cost which are practically 
free from soluble matter. 



Dboantation. 
80. Precipitates which settle rapidly may frequently be 
separated without the use yio. 31. 

of a filter. The vessel is 
allowed to stand at rest 
until the precipitate has 
settled; the liquid is then 
carefully poured off or de- 
canted by gently inclining 
the vessel: a wetted glass 
rod, pressed against the edge or lip of the vessel (fig. 31"^, 
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prevents disturbance of the precipitate. This process, if 
carefully performed, effects a fair separation of heavy pre- 
cipitates. 

Exp. 61. — Add dilute sulphuric acid to some boiling 
solution of barium chloride ; a heavy precipitate of barium 
sulphate wiliy^e formed : this may be readily separated from 
the liquid by decantation. Keep the precipitate in the test- 
tube. 

Washing precipitates. ': : " 

31. A precipitate which has been separated from th6 
liquid in which it was suspended must usually be washed 
until it is perfectly free from the adhering solution. 

Exp. 52. — Washing on the filter. — Support the funnel, 
which contains the filter and barium carbonate precipi%^ 
from (Exp. 50), in a filter stand above a beakeip ^ ^^MSv 
blow into it a fine stream of hot distilled water from th^ 
wash-bottle, so directing the jet as to stir up the precipitate : 
fill the paper to within a short distance from its edge ; let 
this water run through perfectly, then nearly fill the filter 
again. in the manner just described ; repeat this process thxe^ 
or four times, letting the liquid run through completely 
each time before adding a fresh quantity. The precipit^ 
and filter will usually thus be freed from everything solidde 
in water, and the water running through will be tasteless. 
Ascertain whether the washing is complete by collecting the 
last few drops of the washing water in a clean test-tube, and 
adding to it a drop of silver nitrate solution : no turbidity, 
indicating the presence of dissolved chloride, must be pro- 
duced. If turbidity appears, the washing must be continued 
and the washing water again tested. 

Exp. 53. — Washing hy decantation, — The precipitate of 
barium sulphate from (Exp. 51) may now be washed by de- 
cantation. Hot water is added, and is shaken, stirced, or 
boiled with the precipitate, which is then allowed to settle ; 
when the wat^r has become clear it is poured off as is shown 
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in (fig. 31). By repeating this washing process seTcral times, 
with addition of fresh portions of boiling distilled water, 
the precipitate may be entirely freed from the adhering 
solution. As the washing water runs from the funnel, test 
it occasionally with blue litmus paper to escerttun when it 
ceases to redden the paper and is therefore free from acid. 



Drying frecipitatbs. 

32. A precipitate is dried by placing the funnel in i 
hollow tin oone or cylinder, called tt filter jm. 32. 

dryer (fig. 32) ; this is supported on a 
piece of iron wire gauze upon a tripod stand 
over the flame of a rose-bumer turned 
very low, or upon a Ideated iron plate or 
sand bath. The funqel is thus exposed to 
a current of hot air, which rapidly dries 
the filt«r and precipitate. Great care 
must be taken so to regulate the heat as 
not to char the filter. 

A precipitate may be more rapidly dried by draining it in 
the fi'Titi plj then ^moving the filter and spreading it upon a 
pieQS of. wire gauee supported on the ring of a retort stand 
or '^jK>n q high tripod stand ; a small flame from a rose- 
bumer is then placed beneath the gauze at a sufficient 
dist^Ace ta prevent any risk of charring the paper. 

A precipitate is partially dried by opening out the filter 
which contains it upon several dry filter papers, and allowing 
them to absorb the water : this process may precede those 
already mentioned. 




BsMOVINe PRBdPITATBB FROU THE FILTER. 

88. A small quantity of a moist precipitate may be taken 
from a filter most readily by dipping the end of a glass rod 
into it ; if a watch glass or the interior of a test-tube is, 
then touched with the end of the rod, a portion of tbe 
prwipitate is deposited for fiirther test or examination. 



A bulky precipitate may often be taken out of the filter 
in sufficient quantity by means of a glass or porcelain apatula. 
If the precipitate is to be removed from the filter as 
completely an possible, several methods are available ; one 
or other of those described below m.ust be chosen according 
to circumatauces. 

a. A hole may be made in the bottom of the filter by 
means of a glass rod, which is pushed down through the 
neck of the funnel ; the precipitate is tben easily washed 
down into a vessel beneath by a fine stream of water or other 
liquid from the waah-bottle. 

6. The funnel may be held with its neck horizontal, and 
Eia. 33. with its rim just inside the edge of a 

porcelain dish (fig. 33); the precipitate is 
then washed out by directing a fine stream 
of water from a waah-bottle against the 
inside of the filter. 

c. The filter and precipitate are allowed to remain in the 
funnel for some time in order to allow as much water as 
possible to drain away ; the 'filter ia then carefully taken out 
of the fimnel and iurther dried if necessary by laying it upon 
several folda of filter paper ; after removing the portions 
which contain no precipitate, the filter is spread out inside 
a porcelain dish ; the liquid with which it is to be treated is 
then poured into the dish, and by shaking this round and 
carefully rubbing the filter with the rounded end of a glass 
rod, the precipitate is washed oET without tearing the paper. 
The filter paper is then carefidly removed by a glasa rod. 

d. If it ia undesinihle to add a liquid to the precipitate 
upon the filter, the filter and precipitate are alloweii to drain 
for a, short time, and are then removed from the funnel ; 
the precipitate may be further drained, if necessary, by 
laying the filter on aevera! dry filter papers. The filter is 
then spread out upon a flat piece of glass, and the precipitate 
is carefully scraped off with a glass rod pressed flat upon 
the paper, or with a amall spatula. This method ia iisually the 
meet imperfect, but is frei|ueutly the best for other n 
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6. If a precipitate is to be dissolved oflF the filter, the 
liqiiid to be used as a solvent is heated and poured upon 
the precipitate ; it will run through the filter into a vessel 
placed below, taking with it the precipitate in solution. 
The liquid, after it has run through, should be heated again 
and once more poured upon the precipitate if the latter is 
not entirely dissolved ; the liquid is reheated and returned 
to the filter in this way as long as anything remains undis- 
solved; if any portion of the precipitate still remains, it 
must be removed by the use of a fresh portion of the 
solvent. 

Exp. 54. Remove in this way the precipitate of bariiun 
carbonate (Exp. 52) from the filter by means of hot dilute 
hydrochloric acid. 

/. A precipitate may also be removed from the filter by 
means of the liquid with which it is to be treated or 
dissolved in the following manner. The fimnel is supported 
over a suitable vessel ; the liquid is poured in and quickly 
stirred up with the precipitate by means of a thin glass 
rod; the bottom of the filter is then pushed out through 
the neck of the funnel by the glass rod, and the liquid carry- 
ing the precipitate will run through ; if some of the precipi- 
tate remains on the filter, the liquid is poured again through 
the filter ; by repetition of this process all the precipitate 
may be removed. 

Use op test papers. 

34. The two vegetable colouring substances litmus and 
turmeric undergo marked changes of colour when they are 
acted upon by certain substances. These changes serve to 
indicate whether a liquid or gas is add^ alkaline, or neutral. 
The analyst is usually provided with slips of paper which 
have been stained with solutions of these colouring sub- 
stances : they are known as test papers, and are easily dis- 
tinguished by their colour. The following experiments will 
explain their use. 
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Exp. 66.— Acid, alkaline, and neutral reaction, — ^Dip a 
clean glass rod' successively into dilute hydroclilQric acid, 
ammonium hydrate solution, and barium chloride solution : 
after each immersion of the rod, draw its end wetted with 
the solution successively across blue litmus paper, red 
litmus paper, and yellow turmeric paper: the following 
results will be obtained. 

Hydrochloric acid reddens blue litmus, but does not alter 
the colour of red litmus or of turmeric : it possesses an a,cid 
reaction. 

Ammonium hydrate solution does not affect the colour of 
blue litmus, but blues red litmus and browns the turmeric : 
it shows alkaline reaction, 

Bariiun chloride solution does not affect the colour of any 
one of the test papers : its reaction is neutral. 

Each of these liquids is typical of a large class of sub- 
stances as far as its behaviour with these test papers is 
concerned. 

Exp. 56. — ^Neutralisation : addition of acid and alkali in 
excess, — Pour some dilute hydrochloric acid into a porce- 
lain dish; add solution of ammonium hydrate drop by 
drop, constantly stirring the liquid with a glass rod and 
touching the wet end of the rod against a piece of blue 
litmus paper ; by care a point may be reached at which the 
liquid does not affect the colour of either blue or red litmus 
paper : the acid is then said to have been neutralised by the 
alkaline liquid. Add another drop of ammonium hydrate 
and the liquid will acquire an alkaline reaction : the alka- 
line solution is then said to have been added in excess. 

It will now be easily understood how an alkaline solution 
may be neutralised with an acid, and how it may be acidified 
or mixed with oM in excess. 

The process of neutralising a liquid is most readily com- 
pleted by the addition at the last of very dilute acid or 
alkaline solution. 

In selecting between red litmus and turmeric test papers 
for the detection of an alkaline reaction, it should be remcm- 
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berod'-that turmeric is usually more sensitive than red 
IHmiiii^, but that it fades quickly when exposed to daylight. 

A verjr turbid liquid often forms a deposit on test paper 
which conceals its colour: the colour is, however, usually 
visible on the back of the paper, or may be easily seen when 
the deposit is washed oflF by a stream of distilled water from 
the wash-bottle. 

Test papers must always be kept in a stoppered lK)ttle 
in order to guard them against change by fumes in the 
laboratory air : tlie bottle should be shielded from light jis 
much as possible. 

Ignition. 
i35. Solid substances are occasionally heated strongly 
or vgjwted in order to study the effect of heat upon them, 
since by this means their composition or nature is frequently 
revealed more or less completely. Ignition also serves to 
remove volatile from non-volatile substances. 

Exp. 57. Heat some zinc oxide in a small ignition tul>e; 
its colour will be lem(m yellow whilst hot, but will change to 
white again on cooling. These changes of colour show the 
substance to be zinc oxide. In the early stage of the heating 
drops of water will probably condense in the upper part of 
Ihe tube, proving the presence of moisture. 

Exp. 58. Heat a little mercuric oxide in a small test-tube 
or ignition tube (6) ; after a short time minute shining drops 
of the metal mercury wdll be seen in the upper part of the 
tube ; if then a small splinter of wood with a spark at its 
end be held in the tube, it will burst into flame. The 
behaviour of this red powder on being ignited shows that it 
contains the elements mercury and oxygen. 

Exp. 59. Heat a few particles of charcoal powder on 
platinum foil by directing the tip of the blowpipe flame 
against the under surface of the foil ; the charcoal will slowly 
bum away; this behaviour is peculiar to carbon and to 
a few other combustible substances. 

Exp. 60. Heat a piece of ammonium chloride iu a sm^all 



teat-tube ; the ammomum chloride being Tolatile will pass 
off aa vapour or volatilise, and the vapour cooling in the 
upper part of the tube will form a coating or euhtimate. 

ExF. 61. Heatia the same way a small piece of potassium 
i;hloride ; this will melt but will not disappear, since it is 
only slightly volatile ; it will become solid agaiu ou cooling. 

Hence if a mixture of ammonium chloride and potassium 
i-hloride is heated on platinum foil, the potassium chloride 
alone is left in the residue, since the aimnonium chloride ia 
removed aa vapour. 

Large quantities of substance are usually ignited either 
in porcelain or in platinum vessels. 

It is a necessary condition of simple ignition that the 
substance shall not undergo chemical alteration by contact 
either with the flame or with the substance of the vessel or 
Biipport. 



Fusion with 

3fi. A substance is often melted or fmed with certdn 
solid reagents in order to canse chemical changes to oceur 
which yield a characteristic result. 

Exp. 62. — Place ou a piece of platinum foil a little 
powdered sodium carbonate and potaasium nitrate, and 
then add a minute quantity of manganese dioxide ; hold 
the foil with crucible tongs in the top of the Bimsen flame, 
■ ir heat the undn- surface of the foil with the point of 
tbe blowpipe flame. The mass will soon melt or fuse, and 
should be kept in a melted state for a short time and then 
:iIlowed to cool. A bluish green mass will remain upon the 
foil, the coloiu: of which is due to the sodium manganate 
which ia formed by the fusion ; this colour is produced only 
when manganese is present, and serves therefore as a test for 
that metal. 

In this experiment the solid substances alone react upon 
"lie rtuiither, the gases of the flame taking no part in thft; 
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FlAMB RBAOTIONa 

37. The use of the blowpipe has been already explamed 
(5), but hitherto this instrument has been considered 
only as a means of obtaining a hot compact flame playing in 
any desired direction. 

The gases of either the blowpipe or the Bunsen flame may, 
however, play the part of reagents in affecting the composition 
of the substance which is being heated. In order to under- 
stand the nature of these changes the structure of the flame 
must be carefully observed. 

In a well formed blowpipe or Bunsen flame two parts 
may be distinguished : the inner Jiame^ which is blue and 
pointed, and around and beyond this an almost colourless 
flame known as the outer flame. The inner flame is often 
called the reducing or deoxidising flamey because it separates 
or reduces metals from their oxides and from many of their 
compounds, and in general deoxidises substances ; this is due 
to the action of the hot but unbumt hydrogen and carbon 
present in this part of the flame. The outer flame is also 
known as the oxidising flame, because it changes metals into 
their oxides and oxidises many other substances by exposing 
them to oxygen at a high temperature. 

The inner flame is best obtained of large size by placing 
the tip of the blowpipe nozzle only in the very edge of the 
flame : whilst the outer flame is better developed when the 
nozzle is pushed much further into the flame. The reduc- 
ing flame is also furnished most readily when the gas flame is 
made somewhat luminous by partially closing the air-holes 
of the Bunsen burner : the oxidising flame is most per- 
fectly formed when the Bunsen flame contains much more 
air. 

In the following processes the results obtained will 
usually vary according to the part of the flame in which 
the substance is heated. 

38. Fusion with borax: the borax bead. — Certain metals 
and their compounds when fused with borax are converted 
into coloured borates : the colour of each of these bor^ut^^ \% 
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characteristic either in itself or in the changes which it 
undergoes in the outer or inner blowpipe flame. 

' Exp. 63. — Place a little powdered borax on a watch glass ; 
moisten the loop of a piece of mounted platinufii wire (7) 
and dip it into the borax; then hold the loop with the 
adhering powder in the outer blowpipe flame until the borax 
melts. If the bead thus formed does not fill the loop, dip 
the melted bead again into the borax; more powder will 
adhere and may be melted in the flame. In this way powder 
is to be constantly added until a drop or -bead is obtained 
which completiely flHs the loop. • This bead must be perfectly 
colourless aJnd transparent when it is cold. 

If the melted bead easily drops from the wire, either the 
loop or^ the bead is too large. A loop which is someVh'at 
less than an eighth of an inch across answers well; it is 
made by rolling the tip of the wire round a piece oftod. 
If the bead is too large, remove a portion by giving the 
wire a sudden jerk whilst the borax is in a fused condition. 

If the bead shows any colour, it is jerked off whilst 
ftised and another bead is made from fresh borax ; this 
process is repeated if necessary until a bead is obtained, 
which, after having been heated in the outer blowpipe flame, 
is colourless both hot and cold. 

Moisten the clear cold borax bead and dip it into some 
finely powdered manganese dioxide ; a few minute particles 
only are to be thus attached to the bead. Then fiise this 
substance into the bead by heating it for a short time in the 
tip of the outer blowpipe flame, and at once examine the 
colour of the bead by looking through it at a piece of white 
paper or at a window light or bright flame ; it will be 
purple or amethyst red whilst hot, and its colour will not 
alter on cooling. Now heat the bead again for some time 
in the tip of the inner blowpipe flame; its colour will 
vanish, but will reappear when the bead is heated at the 
tip of the outer blowpipe flame. These changes of colour 
in the borax bead characterise the metal manganese. 

A beginner often obtains at first a bead which is opaque, 
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owing to the use of too much manganese oiide : if thin 
should happen, the bead may be fused and a portion of it 
bhaken off and replaced by fresh borax. 

The bead is detaehed while it is liquid by giving the 
wire a sudden jerk ; it may aJao be remoTed when cold by 
bruahing it on a hard "flat surface by a sharp blow with the 
iiesfle. 

Two mounted platinum wires should be kept, their loops 
when not in use being always immersed in dilute hydro- 
thlotic acid ; they will then only require to be washed with 
Water before being used. 

I 89. Ignition on ehareoal in the blowpipe jta^iu. — Wood 
charcoal, on account of its cheapness, ita iuAisibility, and its 
noii-conductjng powar, ia a very useful support for aubstancea 
wliibh are to.be stroi^y heated in the blowpipe flame. 

It is often, however, selected on account of the reducing 
or dnxidisiiig power which it can exert at a high tempeni- 
ture, which readers it entirely unsuitable for oxidising pro- 
ceases such as that described in (Exp, 63). 

Ignition on charcoal therefore serves chiefly to detect the 
presence of the heavier metals : theee are smelted out by 
the ^%ducing action of the inner blowpipe flame aided by 
that of the red-hot charcoal. The assistance of other solid 
reagents ie, however, often necessary or at least advan- 
tageous. The vapour of some metals bums as it leaves the 
charcoal, and the metallic oxide is deposited as an ittermta- 
tion. The white ash left by 
combustion of the charcoal 
muat not be mistaken for such 
an incrustation. 

Exp. 64 — Choose a piece 
of wood charcoal which is free 
from large cracks, and which 
does not crackle or spit when 
heated in the blowpipe flame ; 
scoop out a small hollow near 
one end of it with a knife or with a charcoal \)oi:eT ■, ■\i\aRfi 
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wire must be boiled with hydrochloric acid in a test-tube 
and then rinsed well with water ; or it may be wetted with 
strong hydrochloric acid, and heated strongly in the blow- 
pipe flame until it no longer colours the flame. If the loop 
cannot be cleansed in this way, the end of the wire must be 
cut off* and a fresh loop formed. 

Now dip the wire loop into a little sodium chloride solu- 
tion, made by dissolving some sodium chloride in a few 
drops of water on a watch glass, and see on removing the 
loop that it is filled by a drop of the solution ; then hold 
the loop at the tip of the inner blowpipe flame, the outer 
flame will be coloured hright yellow. 

Repeat the experiment, placing the loop containing the 
solution in the outer part of the Bunsen flame about half- 
way between its base and top ; the same yellow tint will be 
seen above the loop. 

This yellow coloration is given to the flame only by sodium 
and its volatile compounds : on looking at it through the 
indigo prism, no yellow coloration will be visible. 

Remove all sodium chloride from the platinum wire loop 
by heating it strongly in the tip of the blowpipe flame until 
it ceases to impart any colour to the flame. Then dip the 
wire loop into some solution of pure potassium nitrate : this 
will impart to the flame a pale lilac colour, which is charac- 
teristic of potassium and its compounds. On looking at this 
coloration through the indigo prism, it will appear crimson. 

Exp. 67. — Now dip the wire loop into a mixture of a few 
drops of the sodium chloride and potassium nitrate solutions 
made on a watch glass; when the loop is held in the flame the 
sodium coloration only will be seen ; but if this coloration is 
then viewed through the indigo prism, the crimson potassium 
coloration will be seen distinctly. By means of the.iildigo 
prism potassium is therefore discoverable even in the presence 
of sodium, which conceals its coloration to the naked eye. 



The spectroscope. 
42. This instrument furnishes by far the most ceitain 
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means of detecting substances by their flame colorations, 
more especially when the colorations due to several sub- 
stances are mingled in the flame. The coloured light is 
separated into its constituents by passing through one or 
more prisms in the spectroscope; the coloured lines thus 
seen are termed the spectrum of the substance, and by their 
colour and relative position they serve to identify the sub- 
stance with certaintjr. This is equally true whether the 
flame coloration is produced by one substance only or by 
several, since the constituent colours are in any case seen 
without interference one with another. 

Two forms of this instrument are figured here. The 
direct vision pocket spectroscope, which is shown ready for 
use in (fig. 37), is recommended by its portability; whilst the 
Bimsen or table spectroscope, shown in (fig. 38), is to be pre- 
ferred for general use as a stationary piece of apparatus in 
the laboratory. The light enters each of these instruments 
through a slit, the width of which can be adjusted to suit 
jitrongor feebly colorations : the rays of light after entering 
are rendered loss divergent by traversing a lens, and then 
pass through one or more prisms ; they are finally focussed 
by means of a sliding eye-piece, so as to give a sharp image 
of the slit. 

Exp. 68. — The student should now proceed to work with 
either or both of these instruments. 

The direct vision spectroscope is arranged for use by support- 
ing it in a clamp steadily in front of the flame (fig. 37) ; the 
slit is then slightly opened and the eye^-piece so adjusted 
that the yellow line, due to the sodiiun compounds present 
in the atmospheric dust, is sharply focussed. Or the instru- 
ment may be held in the hand and directed on the flame, 
in this case it is most readily focussed on the dark Fraun- 
hofer lines, which are seen on looking through a window at 
ordmary daylight. 

The Bunsen or table spectroscope (fig. 38) has usually three 
brass tubes : one of these carries the adjustable slit, another 
thd eye-piece, and the third a transparent photographic 
scale. . The instrument is brought into adjustment by 



placing a Bunsen burner with eloseil air-holes in teont of 
the slit ; on looking through the eye-piece at this lumiuous 




flame a continuous tpeetrum of unbroken colours will be 
seen ; the upper and lower edges of this apectrum are 




sharply fuciisscJ by 
tubes are arranged at such 
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complete spectrum possible. The tubes must now either 

be permanently clamped, or so marked that they can at 

any time be brought readily into the same position with 

certainty. Air is then admitted into the Bunsen flame by 

r opening the holes of tiie i^umer, and the yellow sodium line, 

I which is always visible, is sharply focussed. The bright 

j flame is lighted opposite the end of the scale-tube, the scale 

! is focussed, and the scale-tube is shifted imtil the yellow 

sodium line stands at the fiftieth graduation. This line will 

of course be seen in all the following experiments. 

Haying thus brought the instrument into adjustinent, 
I the student should proceed to introduce into the front of 
the Bimsen flame and just below the slit, a platinum wire I 
i loop moistened successively with solution of sodium chloride, 
j potassium chloride, barium chloride, strontiimi nitrate, and : 
1 calcium chloride. The wire may be conveniently supported ; 
in the flame by slipping its glass handle upon a horizontal ! 
': wire arm, whose height is adjustable on a stand such as is ; 
represented in (figs. 37, 38). Coloured lines will be seen ■ 
i which are always the same in colour and position for the ! 
: same coloration, but vary in these respects with the colora- 1 
tions of different substances. This line spectrum is there- ; 
j fore characteristic of each vapour which colours the flame. ; 
; The pocket spectroscope is not usually furnished with a 
I scale ] if it is not, the relative position of the lines of any par- ! 
f ticular spectrum can only be jotted down or remembered with • 
! approximate accuracy ; since the yellow sodium line is never - 
! absent, it will furnish a useful landmark in the spectrum. 
The scale of the larger spectroscope enables the position ' 
of the lines to be marked down, and they are thus easily iden- 
tified again if the instrument is brought invariably to the ' 
same adjustment. The lines, however, will vary in position in 
{ different instruments, owing not only to varying adjustment, I 

but to diffisrences in the material and angle of the prism. 
I Hence, when mapping down the lines in a spectrum chart for 
future use, the instrument must always be set in precisely 
the same way if the chart is to be of any use : and further^ 
a separate chart is necessarily made for each spectToaco^e. 
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Tho acoompimying Bpectnim chart (fig. 39.) will show the 
Btudciit a convenient method of mapping the lines, but it 
IB only intended for use with the spectroscopo for which 




In tliis c\i;u.-t tlie viirjiiig inttinaity of tlin 
inditiitoii bj their ynrjnng thickness, luid their 
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colour by the name of the colour over the region in which 
the lines occur; the position of the eodium line is markc^l 
in each Bpectrum. The student should carefully make such 
a chart, niariring in the lines with peu or pencil on a white 
ground, and placing -against each line the number of the 
arale graduation at which it stands ; the relative intensity 
of the linra should also be indicated by the Greek letters 
applied in the order of decreasing intensity. 

It will be found convenicut to register this chiut in the 
aote-book, or to suspend it near the instrument. 

A spectrum may be identified, even when the instniment 
has not been curefiUly adjusted, by throwing in a known 
wdoration from another flame through a part of the slit 
by means of a little reflecting glass prism, and observing 
whether the unknown Unes exactly correspond with those 
of the known coloration. 

EiP- 69. Aft^r the student has carefully examined and 
mapped the spectra of several of the metals mentioned in 
the (5)ectmm chArt, he should examine some mixed spectra 
obtained from solutions containing the salts of two or more 
of these metals ; the ease with which metals can !« found 
by means of the spectroscope in the presence of one another 
will thus become evident 

The delicacy of this method of detecting certain metals is 
flxbvme. Thus it is only in the stillest air, which is almost 
I fltwilutely free from dust particles, that the sodium spectrum 
>J8 not obtained from a Bunsen flame. By using extremely 
[nliliite solutions of metallic salts, this delicacy may be proved 
Mik tbe case of other metals. . Bunsen states that one three- 
■ tboosand millionth of a gram of sodium can be detected by 
nllis spectroscope. 

^ It is by no meiins a matter of indifierence which compound 
of a metal ia selected for obtaining its flame coloration or 
gpeotrum. The most volatile salts, auch as the chlorides, 
nitrates, and chlorates, give the moat vivid but least durable 
result ; whilst the coloration is increasingly feeble with the 
sulphate, carbonate and phosphate ; and is not, \ 
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obtainable from the silicate. lu luMt caaea a, coloratioa'^ 
becomeB more intenBe if the finely powdered aubatanoe 
ia moistened with strong hydrochloric acid ; but in the case 
of a silicate it is usually neoesaary to moisten the powder 
with liydrofluoric acid, or to mix it ^ritli pure ammonium 
chloride and calcium carbonate, before jutroduoiiig it into 
the flame. 

The width of the slit is regulated according to the 
intensity of the lines to be looked for ; a bright line can be 
obaerved with a narrow slit, and its position is then noted 
with great precision. The slit must^ however, bo opened 
much more widely to see a faint line, such as K^. Great 
breadth of the lines is objectionable, since it prevents 
their position on the scale being accurately noted, and 
often causes the edges of neighbouring hnes to overlap. 

The liiuikground of the flame should be absolutely black, 
to prevent admission of stray light ; a piece of black velvet 
hung behind the flame gives a good background. 

Careful observation of the flame through the spectroscope 
is necessary ^"om fh' moment that the substance is introduced, 
untn the wire loop has been heated to whiteness for some 
time, since some very volatile substances give only a 
momentary flash of colour in the flame, wliilst others, which 
are far less volatile, colour the flame only at the highest 
temperature obtainable. 

T^ gpectrogrope it of ^.cvil vne in analysis ; — 

1. For readily detecting metals when their flame colora- 
tions are concealed by that of sodium ; and generally for 
detecting metals when their colorations are mixed in the 

2. For distinguishing similar colorations from one 
another : thus the red coloration of strontium is readily 
distinguished from that of calcium, by the strongest red 
line in tbeir spectra being at different distances from the 
sodium line, and further by the characteristic blue hne of 
strontium and the green line of c^ilcium. 

3. For detecting mimite traces of niiiuy metiils which 
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could scarcely be discovered by other means. The uietals 
lithium, indium, thallium, rubidium and caesium were 
discovered by their spectra ; and as they usually occur in 
minute proportion only, they are most conveniently detected 
by the spectroscope. 

In the more powerful spectroscopes several prisms are used, 
and the hues of the spectra become more widely separated : 
their position may then be noted with great precision by 
moving the observing tube until each line in succession 
is brought into the middle point of the cross wires in the 
eye-piece ; the position of the eye-piece is then read off on 
the graduated edge of the circular table on which the prisms 
stand, and registers the relative position of the line. Instru- 
ments of great power and precision are however not requisite 
for ordinary analytical work. 



SECTION IV. 



ANALYTICAL REACTIONS. 



The atudent will find many paragraphs in this section marked with 
an asterisk (*) : these may be omitted if the analysis of simple salts 
only is to be learnt. They will, however, require the careful attention 
of the general analyst. 

Reactions printed in small type are of minor importance only. 



Introductory remarks. 

The study of chemistry has revealed to us the fact that 
every substance consists either of one kind of matter only, 
or of two or more different kinds. Those substances which 
contain only one kind of matter are called chemical elements; 
their number at present amounts to a little over sixty. A 
list of them is given at the end of the book (562). These 
elements do not usually occur singly ; two or more of them 
are commonly found together either in a state of mere 
mixture, or united in a much more intimate manner in a 
chemical com/pound. 

It is the object of analytical chemistry to discover what 
element, elements, or sometimes what groups of elements, 
any substance of unknown composition contains ; also to 
ascertain whether any particular element or group of 
elements is present in a given substance. 

In order to become a thorough analyst it is necessary to 
be acquainted with the properties of each element and of the 
compounds it forms with other elements ; and efficiency in 
analysis therefore depends in a large measure upon the 
knowledge of what is usually termed tJieoretical, but more 
appropriately descriptive chemistry. For ordinary analjiiical 
purposes, however, certain marked properties or changes 
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each element or group of elements are selected, and by these 
properties, called tests or reactions, its presence is detected. 

The tests or reactions which are most frequently selected 
depend upon the behaviour of a suteance when heated 
under various conditions, and upon its behaviour when mixed 
with certain liquid or solid substances. 

Such substances, added for analytical purposes, are called 
reagents. Some reagents serve for detecting one element 
or compound only, and are therefore called special reagents : 
others separate or detect a group of elements or compoiuids, 
and are called group reagents or genera! reagents. 

Analytical groups. — The metals are separated by their 
behaviour with certain general reagents into five principal 
groups, two of these being further subdivided into two sub- 
groups. Each group receives a distinctive name from its 
place in the system, from some conspicuous or important 
member of the group, or from the general reagent used to 
precipitate the group. Thus we speak indifferently of the 
Fourth Group, the Barium GroupJ or the Ammonium Car- 
bonate Group. At the beginning of the fifth section 
the analytical groups are tabulated, with their distinctive 
numbers, names, and group reagents placed at the head 
of each column : the names and symbols of the metals con- 
tained in the group are arranged vertically beneath. It is 
perhaps well to avoid referring to a group by its number, as 
different analysts number the groups differently, and the 
name thus given is therefore apt not to denote the group 
with certainty. 

Analytical classification. — The chemical elements are fre- 
quently divided into two classes, metals and non-metals. 
These classes, with the following slight modifications, form 
convenient divisions for analytical purposes. In the class 
of metals must be included the hypothetical metallic radicle 
ammonium, and the element hydrogen. The class of non- 
metals, either singly or in groups formed by their combina- 
tion inter se or less frequently with a metal, unite with 
hydrogen and with metals forming salts; the hydrogen 
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salts of these raxiicles are usually called adds. Thus 
CI, SO4, PO4, MnO^, form the hydrogen salts or acids, HCl, 
H2SO4, H3PO4, HMnO^ ; and the metallic salts, KCl, MgSO^, 
NagPO^, KMnO^. Metal hydrogen salts or a^dd salts, such 
as NaHSO^, NagHPO^, are also known. The general name 
acid-radicle is conveniently applied to CI, SO4, PO^, 
MnO^ ; some of these are elements, but most of them are 
unisolated compound radicles, and their common property is 
that of forming acids and salts by combining with hydrogen 
and with metals. For analytical purposes then, substances 
may be separated into the groups of Metals and Add^ 
radicles. 

The analytical reactions. 

43. In order to become fully acquainted with the behaviour 
of different substances with reagents, and thus to be able to 
detect them by their reactions, each of these reactions should 
be tried with the substance itself or with one of its com- 
pounds; the appearances presented are then carefully 
observed, so that the substance would be easily recognised 
in a body of unknown composition by means of these tests. 

The addition of a reagent to a substance causes some 
important and visible change to occur ; this may be simply 
a change of colour, but it very usually consists in the 
formation of a precipitate; the colour, appearance, or 
behaviour of this precipitate with other reagents being 
characteristic of a particular element or compound radicle. 

As soon as a reaction has been satisfactorily performed, it 
should be briefly described in the note-book in a neat and 
.concise manner; and the nature of the chemical change 
which has occurred should then be explained by means 
of a chemical equation. This will involve the correct 
use of chemical symbols and formulse, and a right con- 
ception of the meaning of an equation. For full infor- 
mation on these matters a treatise on theoretical chemistry 
should be consulted; the few hints which follow will, 
however, serv^e to guard and guide a student who has not 
had much experience in such matters. 
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Chemical notation, — Each element is represented by 
a symbol consisting of one or two letters ; thus S stands for 
sulphur, CI for chlorine. The symbol also represents one 
atom of each element ; when written one after another sym- 
bols give the formula of a compound substance, showing 
what elements, and how many atoms of each of these 
elements, the compound molecule contains : thus KCl 
stands for one molecule of potassium chloride, a compound 
of one atom of potassium and one atom of chlorine ; PtCl^ 
stands for one molecule of platinic chloride, which consists 
of one atom of platinum combined with four atoms of 
chlorine, the small figure placed below a synibol to the right 
denoting how many atoms of that element are present. A 
number placed before a formvla, however, multiplies each 
symbol in that formula; thus 2PtCl4 signifies two mole- 
cules of platinic chloride, containing altogether two atoms 
of platinum and eight atoms of chlorine. If two or more 
symbols are included in brackets, any number placed 
outside the brackets, whether it be before or after and beloio 
them, multiplies each symbol contained in the brackets; 
thus both Sr(N03)2 and Sr2(N03) stand for SrNgOg, and 
this may also be written Sr2N03. 

In the seventh section of this book will be found a list 
of the elements, with their symbols and atomic weights ; 
also lists of the names and corresponding formulae of most 
of the principal compound substances. Symbols and 
formulae are always used in the text instead of names; 
the student can readily find the names corresponding to 
them either by reference to the lists already mentioned, or 
by looking at the labels on the reagent bottles. 

Rules for drawing out a chemical equation. — Write down 
the formulae of the substances which are mixed together, 
with the sign of addition ( + ) between them; then \^Tite 
the sign of equality ( = ), followed by the formula of the 
precipitate or product formed. In most analytical reactions 
a mutual exchange of certain elements or groups of elements, 
or a double decomposition, occurs between the two compounds ; 
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a little consideration will therefore usually show how many 
molecules of the mixed substances are required to yield the 
formula for the precipitate or principal product ; it will also 
be seen whether any other substance is formed at the same 
time ; and if it is formed, its formula may be easily deduced. 
The number of atoms of any one element on both sides 
of a correct equation must always be equal. 

Applying the above rules to the first test for potassium 
(4.7), we get : — 

KCl + PtCl^ = K^PtcT^. 

This statement is obtained by placing together the formulsB 
of the substances mixed and of the precipitate formed; it 
is evidently not correct, since there are two atoms of K on 
the right hand side and only one on the left, also six atoms of 
CI on the right and only five on the left ; but this inequality 
is at once removed if we place 2 before the KCl, thus : — 

2KCl + PtCl4 = KjPtCV 

Evidently if the above equation is correct the precipitate is 
here the only substance formed, since the number of atoms 
in the substances on the left hand side is exactly equal to 
that in the substance on the right. 

Take now the first test for Ba (69) : our tentative state- 
ment is : — 

BaClg + Am2C03 = BaCOg + 
But here the left hand side contains Amg and Clg more 
than the right ; the equality is easily restored thus : — 



BaClg + AmgCOj = BaCOg 4- 2AmCl 
which states that on mixing together barium chloride (BaClg) 
and ammonium carbonate (AmgCOg), barium carbonate 
(BaCOg) and ammonium chloride (AmCl) are obtained. 

In writing out these equations a systematic method 
should be observed. Write down on the left hand side of 
the equation first the formula of the substance upon which 
the reaction is being tried, then that of the reagent added ; 
and on the right hand side write first the formula of the 
precipitate or principal product with a line drawn over it 
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by way of distinction, then that of any substance or sub- 
stances which may be formed at the same time. 

In the reactions which follow, the formulsB of the 
substance used, of the reagent added, and of the precipitate 
produced will always be given; these furnish sufficient data 
to enable the student to form the equation; only where the 
equation is exceptionally difficult or complicated will it be 
given in full. 

Abbreviations. — For convenience in hasty writing, it is not 
uncommon to employ abbreviated formulse for the compound 
radicles, especially for such as are constantly met with or are 
of unusual complexity. In the text only such abbreviations 
are employed as save the use of brackets or of numbers : thus 
Am^j is a short rendering of (NH4)2, and Ho^ of H^O^j. 

The following are the abbreviations used : — 

Am for (NH4), the metallic radicle ammonium. 

T „ (C^H^Og), the acid radicle of tartrates. 

A „ (CgHgOg), the acid radicle of acetates. 

Gfy j> (FeCyg), in ferro- and ferricyanides. 

Ho „ (HO), the radicle occuring in hydroxides. 
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solution. 
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)) 
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>> 


soluble. 









The example of entry which follows has been selected 
from paragraphs (47-50) : it will serve as a specimen of the 
brief entry of reactions in the note-book. 

Potassium (K). — Used KCl. 

1. PtCl^ : stirred on watch glass : yellow cryst*** pp., sol. in much water 

and in KHO, insoL in alcohol : 2KCl + PtCl4=K2PtO]e. 

2. NaHT : well shaken in a test-tube : white cryst**" pp., sol. in 

water, in KHO, and in HCl : KCl + NaHT = KHT + NaCl. 

3. Flame col^ : pale lilac, crimson through the indigo-prism ; a red 

and a violet line at the extreme ends of the spectrum. 

4. Heated in tube or on platinu7n foil : solid KCl melted, but gave no 

fumes : hence it is not volatile. 



76 KULES FOR WORKING. [44. 



General rules for working. 

44. The student should attend carefully to the following 
precautions : they will most materially aid the progress and 
accuracy of his work, and, if observed fix)m the conamence- 
ment, they will not be felt irksome. 

1. Before commencing work look through the reagent 
bottles belonging to the working bench (550); replace any 
which are absent, and see that the bottles are arranged in 
the order shown by the number on the labels. Then proceed 
to fill any which are empty, and to relabel any whose labels 
are imperfect or loose : also filter any of the liquid reagents 
which are not quite clear when shaken. 

2. Arrange the apparatus required for use on the back 
part of the bench, so as to leave the front part free to 
work upon ; this will also lessen the risk of upsetting any- 
thing. See Frontispiece. 

3. All glass and porcelain which is not in use should then 
he carefully cleansed ; but this ought to be unnecessary, as 
apparatus should never be put away dirty. 

4. When using a reagent bottle take it in the right hand, 
remove the stopper by grasping it between two of the 
fingers, or between the fourth finger and palm, of the left 
hand ; hold the stopper in this way, and replace it im- 
mediately after the bottle has been used. Pour the liquid 
out of the side opposite to that bearing the label, and pre- 
vent the last drop from running dowa the outside by 
touching the lip of the bottle either with the stopper or 
against the clean edge of the vessel. Solid reagents should 
be taken out of the bottle on a clean knife-blade or horn 
spatula, or with a slip of clean cardboard or paper. Each 
bottle rmist be restoppered and replaced on the shelf in its 
proper place tvith the label outivards immediately after use, 
and miist never be left standing on the working bencJi. 

5. If a solution or precipitate has to be put by for some 
time always label it with a piece of gummed paper bearing an 
inscription, or a reference number which is explained in the 
note-book, and which is sufficient to recaU to mind what the 
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solution or precipitate consists of : never trust to memory in 
this mxttter. 

6. Brass crucible tongs must never be employed for holding 
hot evaporating basins containing acids, as some of the brass 
is apt to be dissolved and thus introduced into the solution. 
A hot dish may be moved either by holding it with a cloth 
or by lifting the stand upon which the dish is placed. 

7. Liquids only are to be poured down the sinks ; all solid 
refuse, such as soiled filters, broken glass, and pieces of 
charcoal, must be thrown into a box placed in an accessible 
position in the laboratory, or into a small earthenware jar or 
dish placed upon each working bench. 

8. When a substance is being examined to find out its 
composition the student must fully write down in the note- 
book each test or process, wdth the result obtained, as soon as 
it is completed. The analysis is thus written out gradually 
as it progresses : on no account must the entry of the results he 
left until the completion of the analysis. This rule cannot 
be too strongly enforced, as neglect of it always causes 
uncertainty and confusion. The most convenient form of 
entry is that of the Analytical Tables. 

9. Cleanliness and neatness in analytical work cannot be 
too carefully attended to : more confusion and error may 
be caused by using dirty test-tubes, beakers, dishes, and 
funnels than would be thought possible by the beginner. 
Work should also be rendered as systematic as possible, in 
order to economise time and thought. 

45. The following directions for trying the analytical 
rea^ion^ are important: — 

1. A solution of the substance, the reactions of which 
are to be tried, must always be employed, unless it is 
specially stated that the solid is required. Solid substances 
are usually necessary only for blowpipe reactions. A solu- 
tion may be kept in readiness, or it can be easily made 
from the solid by warming it with water or in some cases 
with dilute acid (553-4). This liquid is often called the 
original solution. 
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2. Take in a test-tube or small beaker about twenty 
cubic centimetres of the solution of the substance. If the 
solid substance is also required, take some of it upon a watch 
glass and powder it finely. 

3. Pour a little of the solution into a perfectly clean 
test-tube and add the first-mentioned reagent to it. A 
few drops of the reagent should be added at first ; more 
can be employed afterwards if excess is required. The 
student must from the first acquire the habit of working 
with small quantities both of solutions and reagents. In 
trying each of the reactions a separate portion of the 
original solution is to be taken. 

4. Before trying a reaction, the student should carefully 
ead through the whole of the description of the results 
to be obtained; the experiment is then to be performed, 
literally following out the directions given. It is a necessary 
condition of after success that each result should be obtained 
precisely as is stated in the text; and the student must never 
on any account pass on without being satisfied that the state- 
ments of the book are true, and that he could at any time 
repeat the test successfully. 

5. The water used for the tests and reactions must 
always be distilled water. The acids are to be used in a 
dilute condition unless it is stated that the strong acid is 
to be employed. It will always be specified when solid 
reagents are to be used, otherwise they are to be employed 
in solution. In all cases KHO and NaHO may be used 
indifferently the one for the other. 
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REACTIONS FOR THE METALS. 



In trying through the reactions for tlie metals the usual order of 
the analytical groups has been reversed, bec^ause the most simple reac- 
tions occur in the last groups and they are therefore better suited for 
a beginner. 



GROUP v.— THE POTASSIUM GROUP. 

46. This group includes K, NH4, Na, Mg : the first three 
of these belong to the group of the alkali metals. 

The members of this group are not precipitated by any 
group reagent. 

Potassium (K). — Use KCl. 

47. FtCl^, if added to some of the KCl solution on a 
watch glass and stirred gently but persistently with a glass 
rod, gives a yellow crystalline precipitate (KgPtClg), which 
forms first along the lines where the rod has rubbed the 
glass. 

Stir up the precipitate and pour ott* the liquid with the 
precipitate into three test-tubes ; to one add much distilled 
water and heat, the precipitate dissolves : to another part 
add alcohol, the precipitate does not dissolve. Hence this 
precipitate is soluble in water, and insoluble in alcohol. 
By warming the third portion with solution of KHO, the 
precipitate is shown to be soluble in that liquid. 

Since this precipitate is soluble in alkalis, the liquid 
should always be neutral or faintly acid before adding 
PtCl^ ; it is always well to make sure by test paper that the 
liquid is slightly acid in reaction (34). Further, as the 
precipitate is more insoluble in alcohol than in water, 
juldition of alcohol often hastens its formation in dilute 
solutions. Owing to the solubility of the precipit^l^ \w 
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water, very dilute solutions must be evaporated nearly to 
dryness and cooled before applying the test. 

48. NaHTy if added to some of the KCl solution in 
a test-tube, gives a white crystalline precipitate (KHT) ; 
this precipitate usually appears only when the mouth of 
the test-tube is closed with the thumb and the tube is well 
shaken for some time. 

Shake up the precipitate and pour it off with the liquid 
into four test-tubes ; add to these different portions, water, 
KHO, and HCl respectively; on being shaken or warmed 
with each of these hquids, the precipitate will dissolve. 
To the fourth portion add alcohol; the precipitate does not 
dissolve. 

In using the above test for the detection of potassium, 
the precipitate will not be obtained at once in dilute 
solutions; but its formation is much hastened by the 
addition of alcohol ; very dilute solutions must first be 
concentrated by evaporation. The solution to be tested 
should be neutral or feebly alkaline : if it is strongly acid 
in reaction, the free acid should be neutralised by the 
addition of NagCOg solution, or if the acid is volatile it 
may be removed by evaporation ; feebly acid solutions may 
be at once mixed with NaHT; to an alkaline solution 
HgT should be added until the reaction of the liquid is 
strongly acid. 

49. Flame coloration (41). — Dip a loop of platinum wire, 
which gives no colour to the flame, into some strong KCl 
solution, or moisten it and dip it into some finely powdered 
KCl, and hold the loop in the flame. A pale lilac colora- 
tion will be seen if the KCl is pure ; but whatever tint is 
thus seen, the flame will always appear deep crimson red 
through the thicker parts of an indigo prism. 

The flame coloration due to potassium shows in the spec- 
troscope a red line (a) and a faint indigo blue line {p) at the 
extreme ends of the spectrum (see page 66) ; a faint con- 
tinuous spectrum is also visible. 



► 
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50. Heat a little solid KCl in a small dry test-tube, or 
powder it finely and heat it on a piece of platinum foil ; the 
KCl will melt, but it will not pass into vapour and produce 
white fumes unless it is heated very strongly, since potas- 
sium salts are only slightly volatile even at a bright red 
heat. The fused residue is often transparent and invisible ; 
its presence is detected, however, by a slight crackling being 
heard during the coohng of the foil. 



Ammonium (NH^). — Use NH^Cl . 

51. KHO, if poured into some of the solution, or upon the 
solid, and heated, gives off ammonia gas, 

NH4CI + KHO = NH3 + KCl + H2O 

which is recognised by the following properties. 

a. By its pungent smell, which is that of common smell- 
ing salts. 

6. By turning moistened red htmus paper blue, or tur- 
meric paper brown : wet a small piece of the test paper with 
distilled water, and place it upon the end of a glass rod ; 
then hold the rod in the test-tube, taking great care not to 
bring it into contact with the liquid or with the sides of the 
tube ; the change of colour will take place. 

e. By yielding white fumes with an acid gas or vapour. 
Hence if a glass rod or stopper, wetted with strong HCl, 
HNO3, or HA, is held over the mouth of the test-tube, dense 
white fumes will be seen. 

52. PtCl^ when stirred on a watch glass with some AmCl 
solution gives a yellow crystalline precipitate (AmgPtClg) ; 
this precipitate is soluble in water and in KHO, but in- 
soluble in alcohol. If it is boiled with KHO, it evolves 
NH3, differing in this way from KgPtClg. The remarks at 
the end of (47) apply to this reaction also. 

53. NaHT^ when shaken for some time in a test-tube with 
AmCl solution, gives a white crystalline precipitate (AmHT) ; 
which is soluble in HgO, in KHO, and in HCl, but ia iiiaoVxMft 

IB 
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in alcohol. The remarks at the end of (48) apply also to 
this reaction. 

54. Flame coloration, — Pure AmCl gives no flame colora- 
tion : but it almost invariably contains a trace of sodium, 
which imparts a yellow colour to the flame. 

55. Heat a little solid AmCl on a piece of platinum foil, 
it will be converted into vapour and will produce white 
fumes; these are best seen if the foil is removed for a 
moment from the flame : the solid at last entirely dis- 
appears, showing that AmCl is completely volatile. 

Kepeat the experiment by heating a small piece of solid 
AmCl in a dry test-tube ; the solid is completely volatilised, 
and is condensed as a white coating or sublimate on the 
upper part of the tube. 



Sodium (Na). — Use NaCl. 

56. FlaTKie coloration, — NaCl gives an intense yellow colour 
to the flame ; the colour is either invisible or appears only 
pale blue when viewed through the indigo prism, and never 
shows the slightest tinge of red when seen through the thicker 
parts of the prism. A crystal of red potassium dichromate 
appears colourless if illuminated by this yellow flame. Ex 
amined by a small spectroscope, the sodium coloration gives 
a single yellow line a, see page 66. 

The yellow coloration of the flame due to sodium is always 
readily seen, since it overpowers the potassium coloration ; its 
production is the most delicate and trustworthy, and often 
the only possible, test for sodium. 

If both potassium and sodium are present, the potassium 
coloration is unseen, and the yellow coloration of sodium 
is alone visible ; but on examining this flame through the 
indigo prism, the crimson coloration of potassiimi is at once 
seen. Prove this by mixing together KCl and NaCl solu- 
tions and examining the flame coloration both with and 
without the indigo prism. Look at this coloration also 
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through the spectroscope ; the lines of Na and K will be 
distinctly separated from one another. 

57. Heat a little solid NaCl in a dry test-tube or on 
platinum foil ; it will melt without producing white fumes 
unless it is heated very strongly, since NaCl is only slightly 
volatile at a bright red heat. 



Magnesium (Mg). — Use MgSO^.THgO . 

The 7H2O represents the water of crystallisation always present in 
the soHd state in the crystallised salt; water of crystallisation is 
entered in this way throughout the hook. 

58. Na<flFO^^ added after AmCl and AmHO, gives a 
white crystalline precipitate (MgAmP04) ; if much water is 
present, this precipitate forms only when the liquid is warmed 
and well stirred or shaken : it is soluble in HCl and in other 
acids, but is insoluble in AmHO : — 

MgSO^ + AmHO + Na^HPO^ = MgAmPO^ + Na^SO^ + HgO . 

59. KHO gives a white precipitate (MgHgOg), readily 
soluble in acids. 

60. AmHO gives a white precipitate (MgHgOg) ; but if 
AmCl is added before the AmHO, no precipitate is pro- 
duced. 

61. AmfiO^ gives a white precipitate (MgCOg) only in 
strong solutions and on standing for some time : AmCl pre- 
vents the formation of this precipitate also. 

62. Flame coloration. — Pure MgSO^ solution gives no 
colour to the flame. 

63. JBlotupipe test. — If a little solid MgSO^.THgO is placed 
in a small cavity on a piece of wood charcoal, and then 
heated in the tip of the outer blowpipe flame (39), it shines 
brightly and gives a white unmelted mass of MgO ; no white 
fumes are given off since MgO is not volatile. If this white 
mass after cooling is moistened with several drops of cobalt 
nitrate solution and is again heated to whiteneaa ^or ^OTCifc 
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time in the outer blowpipe flame, it assumes a delicate pink 
colour : this colour is best seen when the mass is quite cold 
by comparison with a piece of white paper held near the 
residue on the charcoal. 



Dbtection of one metal in Group V. 

64. After having carefully worked through the reactions 
for the metals in the fifth group, the student should proceed 
to apply the experience thus acquired to the detection of one 
metal belonging to this group. A salt containing only one 
of these metals having been supplied, separate portions of it 
should be subjected to the tests given in the first column of 
the following Table of Differences (65). 

A glance at this Table will show that those tests have 
been selected which best serve to distinguish the metals of 
this group one from another. The order in which these 
tests are placed is also such as will best serve this object. 
It will be evident that it is never necessary to try the whole 
of the tests upon any one substance ; the presence of the 
metal detected by one test may be confirmed by another 
selected for that purpose. The third and fourth tests are 
also manifestly alternative ones, the use of NaHT being 
preferable to that of PtCl^ because it is cheaper. A 
selection is made from the first four tests in examining a 
liquid: a solid substance would be first subjected to the 
fifth and sixth tests, a portion of the solid dissolved in 
water being afterwards examined by the earlier ones. 

As each test is made the result yielded by it is carefully 
observed : occasionally no change is noticed, as is indicated 
by a blank in the column to the right : if any result is 
noted it is looked for in the columns to the right, and will 
indicate the presence of that metal which heads the column 
in which the result stands. 

Sodium is rarely entirely absent from any substance : the 

quantity present may be judged by the intensity of the 

jellow coloration : unless this is very intense, the presence 
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of a trace of sodium should be noted down, and another 
metal should be looked for. 

The student will naturally take advantage of the aid 
afforded by the spectroscope in examining the flame colora- 
tion (42). 

The following example of the entry of a simple analysis 
will illustrate both the method of selecting the tests and of 
entering the work done : — 

A solid white substance was given to be tested for one metal in 
Group V. 



Test 



1. Heated in an ignition 

tube. 

2. Heated on cliarcoal in 

the blowpipe flame. 

JHnolved part qf the 
whstance in water. 

8. Held a drop on a plat- 
inum wure loop in 
the flame. 



4. Stirred a little of the 
solution with a few 
drops of PtCl4 on a 
watch glass. 



Observation. 



Substance fused, but did 
not volatilise. 

Substance fused, and 
sank into the charcoal. 



A pale lilac flame colo- 
ration, which appeared 
crimson through the 
iadigo prism. 

A yellow precipitate 
formed. 



Inference. 



Absence of NH4. 



Presence of E or Na. 



Presence of E. 



Presence of E. 



FowndK. 



Several simple unknown salts of the metals of Group V. 
should be examined in this way by the Table (65), and the 
results carefully entered in the note-book. 
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65. Group V. — Tab1:B op Diffbbbncbb. 
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Dbtbction op Metals in Group V. 

Paragraphs, the nnmbers of wliich are marked with an asterisk, may 
be omitted by students who are learning the analysis of simple salts 
only. 

66.* When more than one metal of the fifth group is 
present in the substance to be examined, the possibility of 
interference in the reactions arises; it should be remem- 
bered, however, that — 

1. NH4 may be always detected by the evolution of 
MH3 on boiling the substance with KHO solution. 

2. Na can always be found by its yellow flame coloration. 

3. Mg is indicated with certainty by its precipitation by 
KHO solution, and by NagHPO^ in the presence of AmHO 
and AmCl. 

4. K may always be found by a crimson flame coloration 
seen through the indigo prism, or by the red line in its 
spectrum. 

5. The test for K by means of PtCl^ or NaHT is only 
conclusive in the absence of NH^. If NH^ is present, there- 
fore, its salt must be removed by ignition before K can be 
tested for by precipitation. 

The student should now proceed to examine by the Table 
(67) several solutions containing two or more metals of the 
fifth group. The composition of each solution should be 
unknown to him, and by trying the tests in the order given 
in the Table upon separate portions of the solution, the 
metals present may be discovered. Only one of the obser- 
vations recorded against each test will be made ; in future 
tables the bracketted paragraphs, which concern the absence 
of the metals, will be omitted. 

The flame coloration obtained in Exp. 2 of this Table 
should be examined by the spectroscope. 
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67.* Table for testing for Mg, K, Na, NH^, in a 

SOLUTION WHICH MAY CONTAIN ALL OF THEM. 



Experiment. 


Observation. 


Inference. 


I. Add to a small part of 
the solution AmCI, then 
AmHO and NagHPOf, 
shake well and allow 
to stand if no precipitate 
appears at once. 


1. A white precipitate 
forms. 

[2. No precipitate appears.] 


Piesence of Mg. 
[Absence of Mg.] 


n. Dip a small loop of 
clean platinum wire into 
the solution, and hold it 
near the top of the 
Bunsen flame. 


1. A yellow flame. 

Look at the yellow flame 
through the indigo- 
prism; a crimson red 
colour is seen. 

2. A pale violet flame, ap- 
pearing crimson red 
when seen through the 
indigo-prism. 

[8. No colom- Is imparted 
to the flame.] 


Presence of Na, possibly 
also of K. 

Presence of E. 

Presence of K and absence 
ofNa. 

[Absence of K and Na.] 


III. Boil some of the solu- 
tion in a test-tube with 
KHO solution, and try 
whether NH3 is given 
off by smelling; or if it 
cannot be smelt, by test- 
ing with moistened red 
litmus-paper or strong 
HCL 


1. NH3 gas is smelt, or the 
red litmus becomes blue, 
and white fumes are ob- 
tained with HCl. 

[2. No NH3 is smelt, and 
moist red litmus paper 
is not blued, neither are 
white fumes obtained 
with HCl.] 


Presence of NH4. 
[Absence of NH4.] 


IV. A confirmatory test for K may be made by adding PtCl4 or NaHT. If 
Exp. III. has shown that NH4 is present, proceed to test for K by column A ; if 
NH4 is absent, test for K by column B (G6, 5). 


A. 

Bon some more of the solution down 
to dryness in a porcelain dish; scrape 
out the white substance left in the dish, 
and heat it strongly on a piece of plati- 
num-foil as long as any wtiite fumes are 
seen to be given off when the foil is 
taken out of the flame for an instant. 
Place the foil when cold in a test-tube, 
and boil it with very little water, to 
which a drop of dilute HCl has been 
added, and evaporate to several drops; 
cool the liquid, and pour it out upon a 
watch glass, add a little PtCl^, and stir 
well: — 

A yellow precipitate '.—Presence of K. 


B. 

Pour a little of the solution upon a 
watch glass, add PtCU, and stir well : a 
yellow precipitate : — Presence of K. 

If no precipitate forms, K may never> 
theless be present, the solution being too 
dilute to allow the precipitate to form ; 
therefore i>our some of the solution into 
a porcelain dish, boil down nearly to dry- 
ness, cool and test this liquid by stirring 
it with PtCl4 on a watch glass, adding 
alpohol if the precipitate does not appear 
at once : a yellow precipitate :— Presence 
ofK. 

iV(0<e.— Addition of alcohol will frequently 
produce the precipitate without eva- 
poration. 
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GROUP IV.— BARIUM GROUP. 

68. This group includes Ba, Sr, Ca. 

These metals diflfer from those of Group V. by being pre- 
cipitated as carbonates by AmgCOg, even in the presence of 
AmCl. They are not precipitated by any other group 
reagent. The carbonates are soluble in boiling solution of 
AmCl. 

Barium (Ba).— Use BaCl2.2H20. 

69. Am^CO^ added after AmCl causes a white precipitate 
(BaCOg), which is at first flocculent, but slowly shrinks in bulk 
and becomes crystalline if it is gently heated and allowed to 
stand : prove that this precipitate is soluble in HA. 

70. CaSO^, or H^O^ : heavy white precipitate (BaS04), 
insoluble in HCl even on boiling. 

71. KcfirO^ added after some HA : yellow precipitate 
(BaCrO^), which is soluble in warm HCl, but differs from 
SrCrO^ by being insoluble in warm HA. 

72. H^iF^ : semi-transparent precipitate (BaSiFg) : the precipitate 
does not appear in dilute solutions until after some time, or until 
the liquid is boiled, or alcohol is added : shaking or stirring the 
liquid hastens its formation. HjSiFg yields no precipitates with solu- 
tions of Sr and Ca salts. 

78. Ato^C^O^: white precipitate (BaC204). 

74. Flame coloration: BaClg gives a yellowish-green 
colour to the flame, visible through the indigo prism. 

The spectrum (p. 66) consists of a number of lines, the 
most characteristic of which are three green lines, a, ^, y. 



Strontium (Sr).— Use Sr(N03)2.4H20. 

75. AmfiO^ added after some AmCl : white precipitate 
(SrCOg), soluble in HA; this precipitate is flocculei^t ^t 
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first, but quickly becomes crystaUine and shrinks very con- 
siderably when heated. 

76. CaSO^, or H^SO^ : white precipitate (SrSO^) : this 
precipitate does not usually form in a cold solution at once, 
but only after standing for some time : the precipitate, how- 
ever, appears at once on boiling the liquid, 

77. K^CrO^ added after some HA : no precipitate, since 
SrCrO^ is soluble in HA. 

78. Am^C^O^ : white precipitate (SrC204). 

79. Flame coloration: crimson red; this colour appears 
intense red through the indigo prism unless the flame colora- 
tion is very faint. 

The strontium spectrum contains many lines; the most 
characteristic are the orange line (a), the red lines ()3, y) and 
the blue line (8). 

Calcium (Ca). — Use CaClg-GHgO. 

80. AmjCO^ added after AmCl : white precipitate 
(CaCOg), soluble in HA: this precipitate is flocculent at 
first, but shrinks considerably and becomes crystalline after 
standing for some time, or when it is gently heated. 

81. CaSO^: no precipitate, even when the liquid is allowed 
to stand, or is boiled. 

82. H^SO^: a white precipitate (CaS04) forms at once in 
strong solutions, and often in weak solutions when they are 
boiled; but some CaSO^ will always remain dissolved, since 
it is not quite insoluble in water; prove this by boiling the 
liquid containing the precipitate and filtering it; then keep 
adding AmHO to the filtrate and stirring it until a drop of 
the solution turns red litmus paper blue and the liquid 
smells of NHg; then add AmgCgO^, a white precipitate will 
form, showing the presence of Ca (85) which must have been 
dissolved as CaSO^. 

83. K^CrO^ : no precipitate. 
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85. Am^C^O^ : white precipitate (CaCgO^), soluble in most 
acids, but insoluble in HA and in HgCgO^. 

86. Flame coloration: yellowish-red; this colour viewed 
through the indigo prism does not appear red but dingy green^ 
thus differing from that given by Sr. 

In the calcium spectrum the most characteristic lines are 
the green line {p) and the intense orange Une (a). 



87. Group IV. — Table of Differences. 

The first three tests only need be nsed for the detection of a member of 
this group occurring by itself in solution : test 1 serves also for solids. 

The flame coloration obtained in Exp. 1 should be examined by the 
spectroscope. 



Tests. 



Ba— salts. 



1. Flame coloration; 



3. CaSO^ added to 
tbe told solution: 



8. KjCrO^ added 
aftijrHA: 



[4. IIsSiFs added : 

ff. H2SO4 added in 
excess and boiled: 



Greenish-yellow. 



An immediate pre- 
cipitate. 



Light yellow pre- 
cipitate. 



Sr— siUtH 



Intense crimson, 
appears crimson 
through the in- 
digo-prism. 

A precipitate ap- 
pearing only after 
a short time or 
immediately 
boiling. 



Ca— salts. 



Yellowish red, ap- 
pears dingy green 
through the in- 
digo-prism. 



on 



White precipitate. 

Entirely precipi- 
tated as BaS04. 



Entirely precipi- 
tated as SrS04. 



.!.«. 



] 

Partially precipi- 
tated as CaS04 
(82). 



Separation and Detection of Metals in Group IV. 

88.* The following diflferences are made use of : — 

1. The different flame colorations yielded by these metals, 
examined if necessary through the indigo prism, or by means 
of the spectroscope. 
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2. The difference in the behaviour of their solutions with 
CaSO^ solution, which at once indicates the presence or 
absence of Ba, or of Sr in the absence of Ba. 

3. The insolubility of BaCrO^ in HA, and hence the 
possibility of separating Ba, if present, by adding HA and 
then KgCrO^. 

4. The fact that Sr but not Ca can' be precipitated by 
CaSO^ on boiling ; this reagent will therefore indicate the 
presence of Sr in the absence, or after the separation, of Ba. 

5. The complete precipitation of Sr, if present, by boil- 
ing the solution with HgSO^ ; sufl&cient CaSO^ still remain- 
ing in solution to give in the filtrate made alkaline with 
AmHO a precipitate of CaCgO^ on addition of Am2C204. 

89.* A solution which has to he examined for Ba, Sr, and Ca, 
and can contain only these substances, is made alkaline, if 
it is not already so, by the addition of AmHO ; AmgCOg is 
then added as long as it causes any further precipitate after 
the liquid has been stirred well and allowed to settle : the 
liquid is then filtered : a little more AmgCOg is added to the 
clear filtrate, and if this causes any furthur precipitate 
more AmgCOg is added, and the liquid is again poured 
through the same filter. 

As soon as the filtrate gives no further precipitate with 
AmgCOg , all the members of this group which were present 
in the solution will have been precipitated as carbonates, 
and on filtration will be obtained on the filter. The pre- 
cipitate is then examined by Table IV. (438). 
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GROUP III.A.— IRON GROUP. 

90. This group includes Al, Fe, Cr. 

The members of this group differ from those of Groups 
IILb, IV., and V. by being precipitated by AmHO after 
addition of AmCl; they are not precipitated however by 
the group-reagents for Groups II. and I. This group is 
also precipitated by AmgS, or by HgS added to the 
alkaline solution. Group III.A. further differs from Group 
III.B. in being completely precipitated by adding BaCOg 
shaken up with water; this reagent affords the most 
perfect means of 'separating these two sub-groups. The 
members of this group show no characteristic flame colora- 
tions; but, with the exception of Al, they impart a charac- 
teristic colour to the borax bead. 



Aluminium (Al).— Use AlAm(S04)2-12H20. 

91. AmHO: white flocculent precipitate (AlgHgOg), which 
is seen best on boiling the liquid : it is soluble in HCl, in 
HA, and slightly soluble in AmHO in the absence of 
Ama :— 2AlAm(S04)2 + 6AmH0 = AlgHgOg + 4Am2S04 . 

92. KHO added in very small quantity : white flocculent 
precipitate (AlaHgOg), soluble in excess of KHO. If to a 
part of the KHO solution HCl is added gradually until it 
is neutral, the AlgH^Og is reprecipitated; if more acid is 
added the precipitate dissolves, but reappears on adding 
AmHO in shght excess. From another portion of the 
KHO solution the AlgHgOg may be reprecipitated by the 
addition of sufficient AmCl solution. 

93. Am^: same precipitate (AlgHgOg), HgS gas being 
evolved or remaining dissolved in the liquid : — 

2 AlAm(S04)2 + 3 AmgS + GHgO = AlgH^O^ + 4Am^S0 ^-V ^^i^. 



94. Bhivpipe reactimi. — Solid AlAm(SOj)2.12H20 ■ 
heated on charcoal in the outer blowpipe flame, and then 
moistened, after cooling, with Co(NOj)2 solution and a^fixa. 
heated in the outer flame, givca ^Jine hlue mass. 

IROK (Fe).— Use FeaCl^ and FeSO^.TH^O. 

95. Two classes ot iron, compounils are kuowa, whicli difTer in 
appearance and properties and behare differently with reagents ; they 
are diatinguished as ferrous and /eiric coin poands respectively; in the 
former class the metal may be diatingoiiilied by the name /«mMum 
and by the symbol (Fe"), and In the latter hyfenicim, (Fe'"). Th* 
daahes following the symbol denote the number of Clatoma, ortheir 
equivalent, which are combined with one atom of Fe in its componnda. 

It 18 uaual in stating analytical results to mention in which state of 
combination the iron exists, and therefore some distinctive testa are 
deaorihed below (101), The whole of the reactions of ferrous com- 
potuds are cot given, because Fe is always separated and detected in 
the course of analysis as a ferric compound, and ferrous compounds 
are found by special reactions tried on the original substance. 

Ferrous are readily converted into ferric compounds by boiling them 
for a short time with a little strong HNOj, or with HCl and a crystal 
of KClOj. 

Both classes of compounds give the same roanlts in the blowpipe 
reactions (SB.IOO). 

Ferric salts are usually yellow or reddish yellow ; ferrous salts ai'e 
usually pale green, or white if perfectly anhydrous. 

Use Fe,Cla solution for reactions (BB-98) ; and solid FeSO^.rH,0 i 
for (99, 100). In preparing FeSOj solution for (101 ), crush a oryslid ! 
of the solid substance and shake it in a test-tube with eald water. , 

96. AmHO, or KMO : reddish-brown flocculent precipi- I 
tate (Fe^HgOo) : insoluble in KHO, soluble in HCl. 

97. Aiii^fi : a black precipitate (FcS), mised with white i 
sulphiir: FeS is soluble in boiling acids, but insoluble in \ 
E.HO :— FeXlg -i- SAm^S = 2FeS-FS + 6AmCl . j 

In a very dilute iron solution a green colour only is ] 
produced at first by Am^S, but blaclt FeS separates after I 
the liquid has stood for some time. I 

98. M^ gas passed into the solution, or added as J 
H jS- water ; black precipitate (FeS) in alkaline solutions: \ 
in neutral or acid solutions sulphur is precipitated and I 



I 
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the ferric is changed into a ferrous salt; the colour of 
the solution therefore changes from yellow to pale green as 
is seen after boiling and filtering a strong solution : 

FcgClg + HgS = 2FeCl2 + 2HC1 + S . 

99. Fu&ed with NafiO^ on charcoal in the inner blowpipe 
flame, a solid iron compound leaves a grey powder; this is 
shown to be Ttutgnetic by being attracted when touched 
under water with the end of a magnet, or with the point 
of a magnetised knife-blade (39, 40). 

100. A borax head (38) containing Fe, is reddish-hrmvn 
while hot, and yellow when cold, after having been fused in 
the outer blowpipe flame : after fusion in the inner flame it 
is olive green, 

101. Distinctive tests for Ferrous and Ferric salts. 

For these tests several drops of dilute HCl should he first added to 
the Fe solution. 



Reagents to be added. 



1. KiFeCps added in 
small quantity : 



2. Ke{FeCy^2 - 



8. KCya 



4. KEG: 



Ferric-salts. 
(Use FejClfl solution.) 



Dark-blfu precipitate^ " Prussian 
blue"; insoluble in HCl*, 
soluble in H2C2O4, and slightly- 
soluble in K4FeCye added in 
excess; tum^ brown by KHO. 

No precipitate: the solution 
darkens, but on dilution with 
water is seen to contain no 
precipitate. 



Blood-red coloration: no pre- 
cipitate is produced, the liquid 
being perfectly clear on dilu- 
tion; the colour is immedi- 
diately destroyed when several 
drops are poured into some 
HgClj solution: itsproductionjs 

hindered by HNO3 and by HA. 
Reddiih-broum precipitate. 



Ferrous-salts. 
(Use FeS04 solution.) 



Light-blue precipitate^he- 
coming dark-blue in the 
air, or on addition of 
HNO3 or Br- water. 



Dark-blw precipitate, 
"Tumbull's blue": 
Insoluble in HCl. In 
very dilute solution 
only a dai'k bluish grey 
colour is produced. 

No red coloration unless 
small quantities of 
ferric-salts are present. 



Dingy-green precipitate, 
turning brown in the 
ah-. 



* The solubility and insolubility of this precipitate must be shown by 
wanning separate portions of the blue liquid containing the precipitate 
with HCl, H2C2O4 and K4FeCyg, then separately filtering each : if the 
precipitate has been dissolved the filtrate will be dork blue. 



Chromium {Cr).— Use CrK(SOj2.12HjO. 

Chromic aalts are nandly bluish-grean or violet in colour. 
102. AmHO: pale bluiBh-green or purple preuipitate 
(Cr^HgOn) : if AmHO is added in large quantity and the 
liquid ia heated, eome of the precipitate dissolves, producing 
a beautifiU violet^red solution : the colour ia beat Been after 
filtering off the precipitate : from thia solution the Cr^HgOj 
is reprecipitated on boiling the liquid for several minutes 



103. KIIO, if added in amatl quantity, gives the same 
precipitate (CfjHflO^) : if more cold KHO is added, the 
precipitate is entirely dissolved to a green fluid ; on diluting 
thia liquid with water and boiling for several minutes, the 
Lh-gHflOg ia reprecipitated and the liquid becomes colourlesa : 
AmCl added to the KHO solution also reprecipitatea the 
Cr^HBOg. 

If to some of the green liquid, obtained by adding KHO 
in excess to the chromium solution, a little red lead or lead 
peroxide (PbOg) ia added and the liquid ia then boiled, 
a yellow liquid ia obtained, from which a yellow precipitate 
(PbCrOj) is thrown down on the addition of HA in exceaa, 

104. Am.^ also precipitates Or^HgOg, HgS gas being 
given off or remaining dissolved. See the reaction in 
paragraph (93). 

105. FudoTi of a solid nAstance containing Cr with 
NfljCOj and KNO3 on platinum or porcelain yields a 
maaa which is coloured yellow by NajCrOj. On diaaolving 
thia in boiling water a yellow solution is obtained, which, 
if acidified with HA and boiled for a few minutea to drive off 
COj, gives with PbA^ solution a yellow precipitate of PbCrO,. 

106. A Woj: bead containing Cr is green after having 
been fiised either in the outer or in the inner blowpipe flame. 

Cr forma two cIhsucb of campounda : in one clasa Cr in conibiDatiou 
with oxygen acta as an aeid-rndicle ; this clasa includes the ohro- 
mates such as K,CrO, and K,Cr,07, thsy are nsually yellow or reiidisli 
iiiMilouri but CruUorariuaaHcrlexofBaltaiD ghJcli it actaasa mgtalUt^ 
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radicle ; these are usually green or violet and give the above reactions 
for Cr. The latter compounds pass by oxidation into the former in re- 
actions (103, 105), where the oxidation is caused by PbO, and by KNO3 
respectively. Chromates pass by reduction into green chromic com- 
pounds; examples of this change will be found under the tests for 
chromic acid (286). 



107. Group IILa. — ^Table op Differences. 



Tests. 



For liquids. 
L AddAmHO: 



lAddKHO: 



lAddKCySand 
t few drops of 
BCl: 



Bfovptpe tests 
for solids. 

i Fuse with 
NajCOa '^^ 
KKOs on plsr- 
tbnm foil : 



i' Heated on 
duurcoal: 



^Foaed in borax 
bead: 



I - 



Al — salts- 



White floccnlent 
precipitate. 



White floccolent 
precipitate, 
easily soluble in 
excess of KHO, 
not repreeipi- 
tated on dilut- 
ing- and boiling 
for some time. 



If moistened with 
Co(N03)2 solu- 
tion and re- 
heated strongly 
f^ves Afine blue 
mass. 



Fe^'-salts. 



Reddish brown 
floccnlent pre- 
cipitate. 



Reddish brown 
floccnlent pre- 
cipitate, inso- 
luble in excess 
o/KHO. 



Deep blood red 
coloration, de- 
stroyed by pour- 
ing into HgClz 
solution. 



On cooling, a 
white mass of 
NsjCOa re- 
mains, with 
dark brown 
particles of 
FejOa. 

In inner flame 
mixed with 
Na^COa gives a 
grey magnetic 
powder. 



Reddish yellow 
in outer flame. 
Greenish yellotc 
in inner flame. 



Fe"- salts. 



Dingy green pre- 
cipitate, rapidly 
turning brown 
when left ex- 
posed to the air. 

The same preci- 
pitate as with 
AmHO, inso- 
luble in excess 
ofKHO. 



No coloration un- 
less Fe''' is also 
present. 



Same as Fe"'. 



Same as Fe' 



//' 



Same as Fe"'. 



Cr — salts. 



Pale green floccu- 
lent precipitate, 
colour unal- 
tered by expo- 
sure to air. 

Pale green pTr«^ 
pltate, soluble 
in excess of cold 
KHO, but re- 
precipitated on 
diluting and 
boiling for some 
time. 



On cooling, a 
yellow mass 
remains ; the 

solution in HA, 
gives a yellow 
precipitate with 

PbAa 



Oreen both In 
outer and inner 
flames. 



i 



V 



tv 



i 
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Separation and Detection of Metals in Group III.a. 

108.* The following differences are utilised : — 

1. The solubility of AlgHgO^ in boiling KHO, in which 
FegHgOg and CrgHgOg are insoluble. 

2. The conversion of CrgHgOg by fusion with Nag^Og and 
KNO3 into soluble NagCrO^: FcgHgOg when thus treated 
remaining as FcgOg, which is insoluble in water. 

3. Or is then detected by the yellow colour of the solution 
of Na-gCrO^ in water, and by the formation of a yellow pre- 
cipitate on acidifying it with HA and adding PbAg. 

4. Fe is found by the blood red coloration obtained on 
adding KCyS to the FcgOg dissolved in HQ. 

109.* A solution which may contain Al, Fe, Cr, is 
examined in the following manner : — 

To a few drops of the liquid acidified with HCl add a 
little K^FeCy^: if a blue precipitate is produced Fe is 
present : this portion is rejected. 

Two other small portions of the acidified solution are 
then tested ; one with Kg(FeCyg)2, which by giving «, dark 
blue precipitate would show the presence of Fe" ; the other 
with KCyS, which may cause a blood-red colour proving the 
l)resence of Fe'". 

Boil the rest of the solution, adding a few drops of strong 
HNO3 if Fe" is present; add some AmCl, then AmHO 
until the liquid after being well stirred is alkaline and 
smells of NH3 ; boil, filter, and examine the precipitate by 
Table III.a (436), disregarding all the appended notes 
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GROUP IILb.— ZINC GROUP. 

110. This group includes Zn, Mn, Ni, Co. 

Compounds of these metals differ from those of metals of 
Groups IV. and V. by being precipitated from their neutral 
or alkaline solutions by Am2S and from their alkaline solu- 
tions by HgS; they are not precipitated by the group 
reagents for Groups III.a, II. and I. ; but Mn is precipi- 
tated by oxidation, if its solution mixed with AmCl and 
excess of AmHO is exposed to the air. 

The compounds of the metals of this group show no 
characteristic flame colorations ; but with the exception of 
those of Zn they give characteristic colours to a borax bead. 

Finely powdered BaCOg does not precipitate the com- 
pounds of the metals of this group from their solutions as 
it does those of the metals of Group III.a, unless they are 
present as sulphates. 



Zinc (Zn).— Use ZnSO^.THgO. 
Zinc salts are usually colourless. 

111. Am^S: white precipitate (ZnS) : the precipitate often 
appears yellow from the presence of excess of yellow AmgS 
in the liquid : its true colour is seen in the next reaction, 
or is evident when the precipitate produced by AmgS is 
separated by settling or filtration. Prove the solubility of 
this precipitate as is directed in the next paragraph. 

112. ^2/^: white precipitate (ZnS) : the Zn is only partly 
precipitated fix)m a neutral solution, since HgSO^ is separated 
in which ZnS is soluble :— ZnSO^ + HgS = ZnS + HgSO^. But 
if NaHO or AmHO is added to neutralise the HgSO^ the 
Zn may be entirely precipitated : addition of sufficient 
NaA solution also causes complete precipitation, . since the 
HgSO^ in the solution is thus replaced by HA, in which ZnS 
is insoluble : 

ZnSO^ + HgS + 2NaA = ZnS + NagSO^^ 2H^ . 



Add to Bome ZnSO^ aolution AmCl, then AmHO until it 
ia alkaline, and then H^S, white ZaS will be precipitated : 
show by adding to separate portions of this liquid HOI, HA 
iind Aiu^, that ZnS ia Boluble in HCl and insoluble in HA 
and in Am^S. 

The teats nhicb show tlio aolubilit; of the sulphides of tha metals of 
this group are best tried on the precipitate obtained by adding AmCl, 
AmHO in excess and II,S, unless freshly prepared colourlejs Am^ 
CBE be obtained, since acids precipitate sulphur from yclloia Am^S. 

113. KHO added in small quantity gives a white precipi- 
tate (ZnHaOj): if more KHO ia added, this precipitate 
dissolves, but is formed again on adding much water and 
boiling: or the Zn may he precipitated as ZnS from the 
KHO solution by the addition of HjS. 

114. If finely powdered ZnS0j.7H^0 and Na^COj are 
mixed in a small cavity on wood charcoal, and the mixture is 
then heated in the inner blowpipe flame, an incrustation ia 
obtained on the charcoal which is yellow while hot and 
while when cold. It cannot be driven away by the outer 
blowpipe flamo, but is easily removed by the inner flame. 
If thia incrustation when cold is moistened with cobalt 
nitrate solution and ia then strongly heated in the outer 
blowpipe flame it becomes green. 

The above changes ot coloar ata more distinctly obtained by heating 
a little solid ZdO in an ignition tnbe or in the outer blowpipe flame 
on cbarcoai, the oxide is yellow white hot and while when cold : if it is 
raoisteued on clisrcoal with Co(NOj)j solution and then reheated in 
the outer blowpipe flame, the ZqO becomea green. 



Manganese (Mn). — Use iluCL,, or MnSO,, 
Mangunoos salts are nsaally of a pair, pink colour : alkaline mau- 
ganates are green, pemianftnnLiteB purple. 

115. Am^S: flesh coloured or pale pink precipitate (MnS), 
the colour of which is best seen on filtering it from the yellow 
AmgS : the precipitate occasionally becomes dark green after 
standing for some time ; the colour of the moist filtered preci- 
pitate always changes by oxidation to dark brown on standing 
in the air (1 18). For the eolubilityof this precipitate see (1 16). 
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116. H^ precipitates MnS partly from neutral solutions, 
entirely from alkaline solutions, but not at all in presence of 
free HCl or HA : show with separate portions of the MnS 
precipitate, obtained by adding AmCl, AmHO in excess, 
and then HgS, that MnS is soluble in HCl and in HA, but 
is insoluble in AnigS. 

117. KHO : white precipitate (MnHgOg), quickly turning 
brown by oxidation; this change is most rapid when the 
precipitate is filtered off: the precipitate is insoluble in 
excess of KHO. 

118. AmHO gives the same precipitate ; but if sufficient 
AmCl is first added, AmHO produces no immediate pre- 
cipitate ; the solution, however, on standing exposed to the 
air, gradually turns brown by oxidation, and the Mn is 
ultimately precipitated as brown MugHgO^. 

119. Any solid substance containing Mn, when fused in 
the outer blowpipe flame with a mixture of NagCOg and a 
little KNOg upon platinum foil^ yields a bluish green mass 
on cooling: the mixture should be fused by heating the 
under surface of the foil with the tip of the blowpipe flame, 
and the flame must not come into contact with the mixture. 

The test may also be made by fusing a mixture of NagCOg 
and KNOg into a bead in a loop of platinum wire, and then 
fusing the substance into this bead by heating it in the 
extreme tip of the outer flame. 

This reaction is very delicate. 

119a. A solid Mn compound, when fused with NagCOs on cliarconi 
in the inner blowpipe flame, yields a grey magnetic powder (39, 40). 

120. A borax bead containing verp little MnOg will be 
violet red whilst hot and amethyst red when cool after fusion 
in the outer blowpipe flame : when heated in the inner flame 
the bead becomes colourless. 

This reaction is yielded by minute quantities of nuui- 
ganese compounds. 
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Nickel (Ni).— Use NiS04.7H20. 
Nickel salts are usually brigJU green in colour. 

121. Am^S: black precipitate (NiS); add more yellow 
AnigS, boil and filter, the filtrate will be coloured brown by 
NiS dissolved in the excess of AnigS : pour this filtrate into 
a porcelain dish and boil it for some time, adding distilled 
water if necessary to prevent the dish becoming dry; the 
dissolved NiS will be precipitated, and when filtered off will 
leave a colourless filtrate. If HA is added in excess to the 
dark filtrate, the dissolved NiS is also precipitated. For 
the solubility of NiS see the next paragraph. 

122. -^2^.* black precipitate (NiS) in neutral solutions or 
in solutions containing no free acid except HA (112); HCl pre- 
vents the precipitation. Add to NiSO^ solution AmCl, AmHO 
in excess and then HgS; and show with this precipitate that 
NiS is insoluble in cold dilute HCl and in HA, but is soluble 
when heated with HCl after adding a crystal of KCIO3. 

123. KHO: light green precipitate (NiHgOg). 

124. AmHO added in very small quantity gives a 
bluish green precipitate (NiHgOg), which is soluble in ex- 
cess of AmHO to a violet blue liquid and is also soluble 
in AmCl: if AmCl be first added, AmHO causes no pre- 
cipitate. 

125. KCy solution, made by dissolving a fragment of the 
solid in water, when added in small quantity gives a 
yellowish green precipitate (NiCyg) : by the further addition 
of KCy the precipitate is dissolved, but it is reproduced on 
the addition of sufiicient HCl. 

126. Acidify some NiSO^ solution with several drops of 
HA; then add KCy solution gradually, whilst stirring or 
shaking the liquid, until the precipitate at first formed is 
just redissolved; boil this solution for a short time, then 
cool it and divide it into two parts : the addition of HCl in 
excess to one part will produce a precipitate of NiCyg, often 

only appealing after a time : and tYve »,dd\\Aa\i\A MJcifc Q^\i«c ^art 
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of NagClgO, or of excess of NaHO and then Br-water until 
the liquid hecomes yellow (NagBrgO), will give a black 
precipitate (NigHgOg) when the liquid is warmed. 

127. A mixture of finely powdered NiS04. 7H,0 and KagCOs, when 
fused on charcoal on the inner blowpipe flame, leaves a grey powder 
which is attracted by the magnet (39, 40). 

128, A borax bead containing Ni is violet or reddish brown 
after fusion in the outer blowpipe flame, and becomes />a/e 
yellow on cooling; if the bead is heated for some time in the 
inner flame, it becomes black and opaque. 



Cobalt (Co).— Use Co(N03)2.6H20. 

Cobalt salts are nsoally reddish pink in colour if hydrated, and blu 
when anhydrous. 

180. Am^: black precipitate (CoS); on adding much 
AmgS and boiling and filtering, the filtrate is coloured yellow 
by AnigS and is rvot dark coloured^ since CoS unlike NiS is 
insoluble in AnigS. For the solubility of CoS see the next 
paragraph. 

181. H^: black precipitate (CoS), only forming in alka- 
line solutions or in solutions containing no free acid except 
HA (112); HCl prevents the precipitation. Add AmCl, 
then AmHO in excess and then HgS to some Co(N03)2 
solution, and pour into separate portions of this liquid HCl 
and HA, the precipitate does not dissolve ; to the portion 
containing HCl add a crystal of KCIO3 and heat, the preci- 
pitate dissolves readily. 

132. KHO: blue precipitate (CoHgOg); the colour of the 
precipitate changes by oxidation on exposure to the air and 
when the precipitate is heated. 

188. AmHO: bluish green precipitate, having the same 
properties as that produced by KHO ; it is soluble in excess 
of AmHO and in AmCl, and is therefore not formed if AmCl is 
first added. 

184. Freshly prepared KCy solution if added in e»ma.lV 
quantity gives a reddish brown precipitate (CoC^^\ o\\ 
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[135, 189. 



adding more KCy solution slowly and whilst shaking the 
liquid the precipitate dissolves, but it reappears on the 
addition of HCl. 

135. If to some Co(N0g)2 solution, made acid with a few 
drops of HA, KCy solution is added slowly until the preci- 
pitate at first formed just redissolves, and the liquid is 
boiled, then cooled and divided into three parts; it will be 
found that neither the addition of HCl, nor of NagClgO, 
nor of excess of NaHO solution and then Br-water till the 
liquid is yellow (NagBrgO), produces any precipitate on 
warming the liquid. 

This difference of behaviour of Ni and Co solutions (126), which have 
been boiled with excess of KCy, is due to the fact that NiCyj forms with 
KCy a compound (NiCy2.2KCy) which is easily decomposed: whereas 



139. Group IILb.— 



Tests. 



For liquids. 

1. Add AmsS; or better, 
AmCl, AmHO in excess, 
and HjS-water. 

2. Add KHO : 



3. Add KCy solution : 
This test need only be tried 
when a black precipitate 
has been obtained by Test 
No. 1. 



Blotepipe tettt/or solids. 

i. Fused with NajCOs on 
charcoal in the inner blow- 
pipe flame. 



6. Borax bead: 



z 



Zn— salts. 



White precipitate : soluble in 
cold dilute HCl : insoluble 
in HA. 

White precipitate: ^ublein 
excess 0/ KHO. 



A white incrustation, which, 
if moistened with Cio(N03)2 
and heated in the outer 
flame, turns green. 

The substance itself, when 
strongly heated after hay- 
ing been moistened with 
Co(NOs)s Also becomes 
green. 



Mn— salts. 



Pink precipitate : solnble bk 
cold^ dilute HCl : soliMe in 

HA. 

White precipitate: tniDlnf 
brown in the air : imoitMe w 
KHO. 



A grey powder. 

The substance, if fued with 
NajCO. and KXO. on iiltti- 
num toil in outer namei 
gives a Uuish green maas. 



(Outer flame.— ^ 
(Inner flame. 



KfWi. 
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CoCya forms with KCy the very stable compound Ke(CoCye)ti poUusium 
cobcUtieyanide, 

186. A solid cobalt compound, when fused with Na^COj on charcoal 
in the inner flame, yields a grey magnetic powder (89, 40), 

137. A borax bead when dipped into a strong solution of 
Co(N08)2 assumes &Jine blue colour after fusion in either the 
inner or the outer blowpipe flame. This reaction is yielded 
by minute quantities of cobalt compounds. 



188. The distinction between Ni and Co in the Table 
(139) depends on the solubility of NiS in yellow Am^S, 
which is proved by a dark filtrate being obtained on warm- 
ing with excess of yellow AnigS and filtering. 

Table of Differenobs. 



171— salts. 



Badt preeijpitaU : toltiUe inhoUing yeUouf 
AmJ^ to a dark solution : insoluble in cold 

dOiite'Ha and in HA. 
Gntn precipitate : insoluble in EJSO. 



Added in slight excess to the feebly acid 
solution and boiled for some time, then 
Br-water and excess of NaHO added, gives 
a black precipitate on heating. 



A grey magnetic powder. 



( Outer flame. iZ^^ or y««ow while hot. 
J viuw iwiuo. -^YeUow when cold. 

Inner iiame,'-Orey or opaque bead. 



I 



Co— salts. 



Black precipitate: ineoluble in boiling yeUow 
Am^ , in cold dilute HCl, and in HJL 

Blue precipitate : insoluble in KHO. 

Added in slieht excess to the feebly acid 
solution and boiled for some time, then 
Br-water and excess of NaHO added, gi?es 
no precipitate on heating. 



A grey magnetic powder. 



Outer and inner flames.— fVn« NtM bead. 



\ 



\ 
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Separation and detection op metals in Group III.b. 

140.* The methods used depend upon: — 

1. The solubility of NiS in yellow AnigS, in which ZnS, 
MnS and CoS are insoluble ; NiS is then precipitated from 
this solution by boiling it, or by the addition of HA, and 
the presence of Ni is confirmed by fusion of the precipitated 
NiS in a borax bead. 

2. The solubility of ZnS and MnS in cold dilute HCl, in 
which NiS and CoS are almost insoluble. 

3. The solubiUty of ZnH202 in cold KHO, in which 
MnHgOg is insoluble; white ZnS is then precipitated from 
this solution by HgS, and the undissolved MnHgOg yields a 
bluish green mass when fused with NagCOg and KNOg. 

4. The difference of behaviour of the solution of NiCyg 
and CoCyg in KCy with NagClgO, or with NagBrgO : and the 
marked difference in the colour of their borax beads. 

Mn may be separated from Zn, Ni and Co by passing HjS into the 
neatral solution saturated with NaA (112) : Mn alone remains in solu- 
tion (116), the other metals being precipitated as sulphides. 

Another method for separating Ni and Co depends upon the fact that 
whilst Co is precipitated as Co2(HO)8 from its solution by BaCOs in 
the presence of Br, Ni is not precipitated by this means and remains in 
solution. 

141.* A solution is examined for Zn^ Mn^ Coy Ni^ by adding 
AmCl to it, then AmHO until it is alkaline, and then Am^ 
until the liquid smells of it after having been well stirred 
or shaken. The liquid is then heated and a few drops of 
it are poured upon a filter: if the filtrate is colourless, 
sufl&cient AmgS has not been added; more AmgS is then to 
be poured in and the filtrate again examined. As soon as 
the filtrate is brown or yellow in colour, proving that Am2S 
has been added in excess, the whole is heated and filtered 
and the precipitate is examined by Table III.b (437) : the 
filtrate if yellow is rejected, if brown it is examined for Ni 
according to (431). 
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GROUP II.A.— COPPER GROUP. 

142. This group includes Hg", Pb, Bi, Cu, Cd. 

The compounds of these metals diflfer from those of the 
metals in Groups IILa., III.b., IV. and V. by being pre- 
cipitated as sulphides by HgS fix)m their acid solutions : they 
are not precipitated by HCl or by soluble chlorides, with the 
exception of Pb, which in strong solution is partially pre- 
cipitated. 

The sulphides differ from those of Group ILb. by being 
insoluble both in AmgS and in KHO. If very much acid is 
present HgS does not precipitate the members of this group 
readily or completely, unless their solutions are largely 
diluted with water. 



Mbrcuricum (Hg"). — Use HgClg. 

Mercury forms two series of compounds distiuguished as mercuric 
and mercurous: the metal in these two states behaves differently with 
reagents, and may be distinctively called mercuricum and mercurosum : 
in the latter condition it is classed under Group I. In paragraphs 
(217, 218) tests are given which serve to distinguish these compounds. 

144. -^2^.- black precipitate (HgS) : if the HgS solution is 
added slowly the precipitate is first whit€y then hrovm or 
orange and ultimately becomes black: these changes of 
colour during the addition of HgS are characteristic of mer- 
curic salts. 

Filter off the precipitate and wash it free from dissolved 
chlorides, then place portions of it in three test-tubes : boil 
one of these with strong HNO3 and another With strong HCl, 
the precipitate will not be dissolved by either of these acids : 
now mix the contents of the two tubes and warm again, the 
precipitate will dissolve : boil the third portion with AmgS, 
the precipitate does not dissolve. Hence HgS is insoluble 
in hot strong HNOg, in hot strong HCl, and in AmgS; but 
it is easily soluble in a mixture of HNO^ and ^CV, ^\i\Ocv 
is luiown 03 aqiia regia. 
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[U5-147.^ 



i 

id 



146. SnCl.^: white precipitate (RgjCl^): if more SnCl^ is 
lidded tiie white precipitate becomes grey and consists of 
fine particles of Hg; if the liquid is boiled and then decanted 
from the grey precipitate, the Hg particles when heated with 
strong HCl unite to globules visible through t 
frequently even to the naked eye ; — 

SHgClj + SnClj = EgjClj + SnCl, 
HgjCl + gSnClj = 2Hg + SnCl^ . 

146. Cm ,' if a small strip of copper sheet or a copper coin, 
the surface of which has been cleansed by rubbing it with 
sand paper, or by dipping it into strong HNOg, be immersed 
in some HgClj solution made acid with a drop c 
HCl, it will become coated with a groy film of Hg:- 
HgClj + Cu = Hg + CuClj. 

If the surface of the Cu, after having been immersed fi 
several minutes, is dried and rubbed hard with a cloth o 
piece of wash-leather, it will appear more or less whitened like 
silver, the metal Hg having formed an amalgam with the Cu. 

The Hg may be readily driven off by heating the Cu 
strongly; if this heating is performed in a testrtube, or 
letter in a small hard glass tube sealed at one end, a sub- 
limate of globules of Hg will form upon the cool aides of the 

147. Mix a Hii/e finely powdered HgClj intimately with 
about four times as much finely powdered NsjCOg, which 
has been recently dried by strongly heating it in a porcelain 
dish. Pour this mixture into a small test-tube, which has 
been perfectly dried by heating it in the flame and suck- 
ing out the moist air by a glass tube: then cover the 
mixture with a layer of Na^C'Og dried by ignition. 

After perfectly cleansing the inside of the tube heat 
the layer of NagCOj strongly, and whilst keeping this 
hot gradually extend the heat to the mixture: Hg will 
sublime, condensing in globules on the inside of the tube. 
Hometimea the globules are so small that the layer appears 
ita a grey film, or they are few and scattered and not easily 
vimble; they may usually te mu\«d mto laxger globules by 
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rubbing the inside of the tube with a glass rod, or the 
separate globules may be detected by means of a pocket 
lens: even very minute globules may be seen if they are 
flattened by pressing them with a glass rod against the inside 
of the tube. 

The powder is most easily placed in the tube by alternately scoopidg 
it up with the mouth of the tube and tapping the tube so as to shake 
the powder to the bottom; or by turning the powder out upon a 
piece of note-paper folded over into a trough and pouring it thence into 
the tube, holding both tube and paper over the watch glass so as to 
catch any substance which may fall. 

Both the inside of the tube and the powder must be perfectly dry, 
else some particles obstinately adhere to the inside of the tube and 
obscure the sublimate. 

The heating must never be commenced until the inside of the tube is 
perfectly clean: it is cleansed if necessary with a twisted slip of 
filter paper or with a wooden match. Also if any drops of water con- 
dense on the inside of the tube during the first stage of the heating, 
they must be removed by a twisted piece of filter paper ; if however 
proper care has been taken in drying the power, no moisture will 
condense. The escape of steam from the powder is very undesirable, 
as it is very likely to sweep mercury vapour out of the tube. 

148. Heat a little solid HgClg in a tube closed at one 
end; the substance sublimes in white fumes, showing that 
mercury compounds are volatile. 



Lead (Pb).— Use PbAg-SHgO in dilute HA. 

149. H^S: black precipitate (PbS): this precipitate iii 
often red if much hydrochloric acid is present in the solu- 
tion, but it becomes black on diluting with water and pass- 
ing HgS, or on adding HgS-water. Filter or decant and show 
with separate portions of the precipitate that PbS is insoluble 
in KHO and in AmgS, soluble in boiling dilute HNO3, and is 
converted by boiling strong HNO3 into insoluble PbSO^. 

150. HCl: white precipitate (PbClg), forming only in 
cold and strong solutions: on boiling the precipitate with 
sufficient water it dissolves, but the PbClg separates again 
in beautiful crystals when the hot solution is slowly cooled. 

151.* H^O^: white precipitate (PbSO^): this i^T^d'^\\a.l^ 
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is muoh less soluble in dilute H^SO^ than in water, hence 
HjSOj should be added in escesB to a pretty strong solution : 
pour off into two test-tubes and let the liquid stand ; decant 
the liquid from the precipitate, and show that the pre- 
dpitate may be dissolved by pouring upon it HA, or better 
HoT solution, then AmHO in eicesa and boiling; show 
also that it dissolves in boiling strong HCL 

152. K.firO^, or K^Cr^O-,: yeUow precipitate (PbCrO^); 
pour off into two tubes, and show that the precipitate ia 
soluble in KHO, but insoluble in HA. 

158. Mis some powdered PbAj.SH^O with about twice as 
much NajCO, in a cavity on a piece of charcoal, and heat 
the misture in the inner blowpipe flame; a yellow incrusta- 
tion will form around the cavity and small lustrous globules 
of Pb will be seen witliin it. The inciaistation is readily 
i-emoved when heated in the inner blowpipe flame and 
colours the flame azure blue. 

Detach one of the globules with the point of a knife, 
place it on the bottom of a mortar turaed upside down, 
iind give it a smart blow with the pestle; it iJattens out 
without breaking into powder, showing that Pb is malleable 
Hiid not brittle. If one of the globules be fixed upon the 
point of a penknife, it will be found by gentle fiiction on 
paper to mark it as a blacklead pencil docs. 



I (Bi).— Use Bi(N03)g.5HjO in dilute HCJ. 

154. H^S.- brownish black precipitate (BijSg): — 

2Bi(N0j), + 3H^ = Bi^Sg + 6HNO3. 
Decant most of the water; then pour some of the precipitate' 
into three test-tubes, and show that it is insoluble in AnijS 
iuid in KHO, but soluble in strong HNO3. 

155. AmHO, or KHO: white precipitate (BiHjOg); pour 
off a small quantity of the liquid and precipitate into a tube, 
add much AmHO and warm, the precipitate is Tuidisaolved; 
filter off the rest of the precipitate and keep it for 
fdilovrme reaction. 



I 
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156. H^O: 'poxxr a few drops of boiling dilute HCl upon 
the precipitate in the filter left from the last reaction, and 
allow the acid solution to drop &om the funnel into a large 
quantity of distilled water : a milMness appears, due to the 
formation of BiOCl : this precipitate may also be obtained 
by letting the original bismuth solution drop into much 
water :— BiClg + H2O = BiOCl + 2HC1. 

Pour a little of the milky liquid into two test-tubes ; add 
to one portion a little strong HCl and warm it, the precipitate 
dissolves ; to the other portion add HgT and warm, the milki- 
ness remains, diflfering in this way from that caused by SbOCl. 

If but little Bi is present, this milkiness often appears only 
after stirring and letting the liquid stand for five or ten 
minutes. 

157. K^CrOt^^ or Kjur^O^j^ added after strong NaA solution 

gives a yellow flocculent precipitate of Bi2(Cr04)3 : add KHO, 

the precipitate does not dissolve, diflfering in this way from 

PbCrO^ ; it dissolves, however, completely in HCl or HNO3 

added in excess. 

The addition of NaA is necessary because bismuth chromate is 
soluble in HCl; the free HCl in the solutions is thus replaced by HA, 
in which the precipitate is insoluble : — NaA + HCl=NaCl+H5.. 

158. H^O^: no precipitate : diflFerence from Pb. 

159. Heat a mixture of powdered Bi(N03)3 and NagCOg on 
charcoal in the inner blowpipe flame ; an incrustation will 
be obtained which is orange red whilst hot and yellow when 
cold ; also white globules of Bi will be seen, which are very 
brittle and easily crushed to powder by a sharp blow with 
the pestle. 

Copper (Cu).— Use CuSO^.SHaO. 

Two classes of copper salts are known. Cupric salts are usually 
blue, but sometimes green ; their colour commonly becomes very pale 
or disappears when the salts are thoroughly freed from water of 
crystallisation. Cuprotts salts are usually white. 

Cuprous oxide is red, and cupric oxide black. 

160. H^S : brownish black precipitate (CuS) : filter, keep- 
ing the funnel carefully covered with a glass plate, as air 



quickiy osidises CuS to CuSO^ and this d 
through with tho filtrate. Place aome of the precipitate' in 
five test-tubes and show that it is insoluble in KHO, in AnigS 
and in boiling dilute HnSO^, but dissolvea in boiling HNO,, 
Mid in KCy solution. 

161. AmItO, if added in a diluted state and in very 
small quantity, gives a ffreenieli blue precipitate ; if more 
AmHO is added this preoipitat« dissolves, yielding an 
intently blue liquid which contains tyi^ammoTiium nutp/tate 
(!NjCuAni^Hj)SO^i the solution booomes light blue again 
wheu an acid is added in excess. 

162. H^SO^ : no precipitate ; difference fi«m Pb. 

163. E^FeCy^: reddish brown precipitate (Cu^FcCyg), 
insoluble in HA ; the colour is best seen when the reaction 
is tried in a white porcelain dislL In a wry dilute solution 
only a reddish colour is seen. 

164. Fe: if a bright piece of stcol or iron, such as the 
blade of a penknife, which has been freed from grease by 
rubbing it with sand paper or by boiling it in a little 
dilute KHO, is dipped into CuSO, solution made acid with a 
few drops of HjSO^, it will be gradually covered with a red 
film of Uu. 

1G5. Zn and Pt: if a piece of Zn be placed upon platinum 
foil or wire in CuSO^ solution contained in a porcelain dish 
or watch glass, it causes a red film of Cu to deposit on the 
platinum : tho CuSOj solution should be acidified with a few 
drops of H„SOj. 

166. If finely powdered CuSO,.5HjO luid Na^CO^ are 
mixed in a cavity on charcoal and heated in the inner blow- 
pipe fiamc, red scales of Cu are obtained ; these are best seen 
iifter they have been washed (-10). 

167. A fitwaarfiendcontaining Cu is^cCTJ while hot and W«< 
when cold after having been fused in the outer blowpipe flame ; 
fusion in the inner flame causes it to become red or eolaurltu 
but only when very little Cu is present and tho bead is long 
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heated in a good reducing flame: the addition of a fragment 
of Zn or Sn aids this change. 

168. Flame coloration, — If a loop of platinum wire is 
dipped into CUSO4 solution and held in the inner blowpipe 
flame, or in the Bunsen flame, it gives a green coloration ; the 
flame shows a Uue centre after the loop has been moistened 
with HCl, or if CuClg solution was originally used. 



Cadmium (Cd).— Use CdS04.4H20. 

169. H^: bright yellow precipitate (CdS): boil off" the 
HgS and pour the liquid containing the precipitate into five 
tubes ; show with these separate portions that the precipi- 
tate is insoluble in AmgS, in KHO and in KCy solution, but 
soluble in boiling dilute HNOg and in boiling dilute H2SO4: 
dilute the HgSO^ solution with much water and pass HgS 
for a short time, yellow CdS is reprecipitated. 

170. AmHO, if added in a very diluted state and in 
small quantity, gives a white precipitate (CdHgOg); on 
adding more AmHO the precipitate readily dissolves. 

171. H^O^: no precipitate : difierence from Pb. 

172. If powdered CdSO^ is mixed with NagCOg in a cavity 
on charcoal and heated in the inner blowpipe flame, it gives 
a brown incrustation. 
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178. Group ILa.^ 



Tests. 



1. Pass H2S, or add H2S 
water: 



2. Add H2SO4 : 

3. Add AmHO : 



Blowpipe reactions for 
solidi. 
Heated vrlth NajCOs on 
charcoal in the inner 
blowpipe flame : 



Hg— salts. 



Pb-salts. 



Black precipitate; when fil- 
tered and well washed, in- 
soluble in boiling strong 
HNO3, and unchanged by it. 



White precipitate, insoluble 
in excess. 



Test for Hg by (147). 



Black precipitate: almost 
insoluble in boilmg strong 
HNO., changed by it into 
white ThSOi, 



White precipitate. 

White precipitate, insolnbla 
in excess. 



Yellow incrustation; white 
tnaUeable globules. 



Separation and detection op metals in Group II.a. 

175.* This separation depends upon the following 
differences : — 

1. The solubility of BigSg, CuS and CdS in strong boiling 
HNO3, in which HgS and PbS are insoluble and remain 
as HgS and PbSO^ respectively. 

2. The solubility of PbSO^ in HgT and excess of AmHO, 
in which HgS is insoluble. 

3. The solubility of CuHgOg and CdHgOg, and the 
insolubility of BiHgOg, in excess of AmHO. 

4. The solubility of CdS and insolubility of CuS in boiling 
dilute H2SO4. The msolubility of CdS in KCy solution, 
in which CuS easily dissolves, furnishes another means of 
separation. 

The presence of each metal is then confirmed by some 
special test. 
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Table of Differences. 





Bi-salU. 


r:u- salU. Cd— salts. 

1 




Sladt precipitate; solable 
In boiling ftrong UNO, 
to form a colourless solu- 

iiOIL 


5/<M'it precipitate; soluble in 
Iwilfng concentrated HNOg 
to form a blue solution; 
insoluble in boiling dilate 


Yellow precipitate ; soluble 
in boiling HNOs, and in 
boiling dilate H,S04. 




WhU4 precipitate, insoluble 

in excess. 
Conflrm by (166). 


Blue precipitate, easily sol- 
uble in excess to a deep 
blue liquid. 


White precipitate, easily 
soluble in excess. 


1 

I 

1 ■_ 


Orange red incrustation ; 
white hrUtle globules. 


No incrustation ; red metallic 

scales. 
Confirm by (Itl, 168). 


Brown incrustation ; no g1o> 
boles. 



176.* A solution which may contain the metals of Group 
II.A. is first made acid, if not already so, with a little HCl ; 
whether the liquid is clear or not, HgS is then passed in a 
rapid stream through it for about five minutes; the 
precipitate is filtered off; the clear filtrate is cither mixed 
with HgS-water, or it is diluted with a little water and HgS 
is passed through it again for a short time, to ascertain 
whether the metals have been completely precipitated: if 
no further precipitate is produced, the filtrate may be 
rejected: but in case HgS causes further precipitation, the 
gas must be passed for some time longer and the liquid 
poured again through the filter, the filtrate being rejected 
only when HgS no longer produces any precipitate in it; 
the precipitate is then examined by Table II. (435), com- 
mencing at Group II.A. (Copper Group) and using only the 
left-hand side of the Table. 



GROUP II.B.— ARSENIC GROUP. 

177. This group incUidea Aa^ Sb, Su, Au, Pt. 

Its membera differ from those of Groupa III.a,, III.b., IV. 
and V. bj being precipitated aa siUphides by H^S from a 
solution made acid with HCl ; they differ from those of 
Group I. by not being precipitated by HCl. 

The sulphides of this Group differ from those of Group 
II.A. by being soluble in Am^ and in KHO. 

178. Each metal of this group forma two series of com- 
pounds which resemble each other in many reactions, but 
also present certain differencea. The two classes are dia- 
tioguiahed conveniently by the terminations -ic and -oim, 
thus we speak of arsenic and arsenioui acid. 



Absenic (As). 

Use for an arsenioiw compound AsjOj, dissolved in boiling 
water; and for an araem'c compound NajHAsOj.lSHjO 
dissolved in water. 

The teats described in paragrapbfl (179-188) pve the Bame ultimate 
resalt with both arsenious and axaeaic compounds : oa a rule, however, 
the reaction pioceada slowly with arsenic oompoundB, since ita first 
stage consists in their conversion into arseniona compounds. 

Arsenic compounds are converted into aiseniuuj by boiling them with 
H^Oj, strong HCl, or other reducing agents ; nrsanitnis compounds sea 
oiidised into arsenic compounds by being heated with HNOj, or with 
other oxidising agents, 

179. HgS produces in neutral solutions of arsenioua com- 
poimds only a yellow coloration ; but if the solution ia 
acidified with a few diopa of HCl a light yellow flooculent 
precipitate (As^S, forms immediately even in the cold. 

Filter off some of the As^j and show that it is insoluble in 
boiling atrong HCl. If some of the rest of the liquid con- 
taining the precipitate be poured into two testrtubea, tha 
gradual addition of KHO or of Am„S will completely dissolve 
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the AsgSg, which is reprecipitated, however, on the addition 
of HCl in excess. 

In cold acidified solutions of arsenic compounds HgS pro- 
duces no precipitate ; but if strong .HCl is added and the 
solution is boiled, HgS causes in the boiling solution first a 
precipitate of white S and then of yellow AsgSg. 

The complete precipitation of arsenic solutions by HgS is 
most rapidly effected by first adding HgSOg to the boiling 
solution imtil it smells persistently of SOg, then boiling 
until SOg is no longer smelt ; the arsenious compound thus 
produced is readily and completely precipitated by HgS in 
the cold solution. 

180. ReinscNs test. — Several narrow strips of sheet copper 
are cleansed with sand paper, or by dipping them into strong 
HNO3 ; they are then boiled in the arsenious solution, which 
has been previously acidified by dilute HCl : the surface of the 
copper will soon be coated with a dark grey film of (AsgCug). 

The strips are carefully removed, rinsed, gently pressed 
between filter paper, and then dried by heating them in 
the steam oven or by holding them between the finger and 
thumb in the flame : they are then gradually heated over a 
very smaU flame in a hot and dry • 
test-tubo; a sublimate of AsgOg 
will form, which will be crystalline 
and sparkling if moisture was en- 
tirely absent and the sublimation 
was effected very slowly while the 
ades of the tube were hot : these 
crystals if examined under the 
microscope are seen to be trans- 
parent, colourless, regular octa- 
hedra and tetrahedra (fig. 40), and 
their formation under the above conditions is a most valuable 
confirmation of the presence of As. 

If the sublimate is white and non-crystalline it may be dis- 
solved in a little boiling water, and the presence of As con- 
firmed by applying tests (179, 187) to the solution. 




The presence of As in the grey deposit should alwaj^ be 
confirmed by one of the above methods, since other metals 
may be deposited as grey films on the Cu. 

This test serves to detect areentc compounds after their 
solutions have been reduced by being mised with strong 
HCl or HjSOj and boiled. 

The followmg teste (181-184), which depend on the formation of 
very paismwus AsHa gas, should be performed in a i:upbbard provided 
with a good draught or in the open aii. 

181, Hofmann's test. — Pour dUute HCl upon some Zn in 

Pm 41 a small hydrogen flask 

fitted as ia shown in 

(fig. 41). The hydrogen 

as it escapes bubbles 

through solution of lead 

acetate contained in the 

second fiask, and ia thus 

freed from any H^S with 

which it might possibly 

fc been mixed; it is 

then allowed to bubble 

through AgNOg solution 

contained in a. test-tube : if the Zn and acid are free from 

As, aa they should be, no precipitate or colour is produced 

by the gas in the AgNO^ solution. 

If a little AsgO, solution is now poured down the funnel 
into the hydrogen flask, a black precipitate of Ag will begin 
to form in the AgNOj solution; this is produced by the 
AsHj which is formed by the action of the nascent hydrogen 
upon the As^Og ;— AsgO^ + 12H = SAsH, + 3HjO . 
TheAsHg on passing into the AgNOj solution reacta thus: 

AsHg + GAgNOg + SHaO - 6Ag + H^AsO^ + 6HN0, 
Hence Ag ia precipitated and H^AsOg remains in solution. 

As soon as a, copious precipitate has been obtained, the 
teat-tube is removed. It will be best to set aside the teat- 
tube with ita content* to be examined afterwards, and to 
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proceed at once to use the gas, while it is being briskly 
evolved, for reactions (182, 183). 

The liquid in the test-tube is filtered, the precipitate re- 
jected, and several drops of AgNOg solution are added to 
the clear filtrate. Some very dilute AmHO is made by 
pouring several drops of AmHO solution into a test-tube, 
then nearly filling up with distilled water and inverting the 
tube. On mixing this drop by drop with the filtrate, 
alight yellow precipitate (AggAsOg or AggHAsOg) will be 
obtained. The formation of this precipitate on the addition 
of AmHO is explained by the fact that HgAsOg is in the solu- 
tion in the presence of AgNOg and also of HNOg, as is seen 
by the last equation; now AgNOg forms with HgAsOg a 
yellow precipitate if no free acid is present in the liquid 
(187) ; hence on neutralising with AmHO the free HNOg 
which is already present, as well as that formed by the action 
of AgNOg on HgAsOg, the precipitate appears: — 

HjAsOg + 3AgN0g + 3AmH0 = AggAsOg + 3AmN03 + SHgO . 

This precipitate is also readily soluble in AmHO; hence it 
is necessary to use very dilute AmHO and to add it gradually 
in order to avoid excess. 

182« MarihUz test, — Disconnect the flasks and slip into 
the india-rubber joint a tube of hard glass about four inches 



Fig. 42. 



m length, supporting it on 
a ring of a retort stand 
(fig. 42); then pour in 
through the funnel tube a 
little strong HCl. 

Kthe experiment is per- 
formed as is here directed, 
the H will have been 
evolved for some time and 
will have expelled all air 
from the flask, therefore 
there will be no risk of an explosion occurring when the 
gas is lighted; but if the H is being produced for the first 
time, or the flask has been opened or recharged, allow the 




gas to escape brieklj for four or five minutea; then aacertain 
that a test-tube full of it bums qiiietly before adding the 
liquid to be tested for Ab and lighting the gaa at the jet. 
In any case it is well to uover the flask with a cloth before 
kindling the hydrogen (16). 

On lighting the gas, its flame will be seen to differ from 
tliatof pure H by its livid blue colour and by giving off white 
fumes of Aa^Og. If these appearances are not noticeable, 
a little more AsjOj solution must be poured into the flask 
through the ftmael tube. 

Press down upon the flame the inside of a porcelain crucible 
lid or of a porcelain crucible or dish ; a dusky black film of 
As will be deposited upon the cool surface; pour upon this 
some freshly made solution of CaCl^O, the stain will be 
rapidly dissolved. 

Also warm a stain of As iuside a porcelain dish with 
AnijS, it will dissolve and the solution will leave yellow 
ASjSg when it is slowly evaporated. 

183, Add a little more strong HCl, if necesaary, to cause 
the gas to come ofl^ rapidly; light it at the jet and heat a 
point near the middle of the tube strongly (fig. 42); a black 
jnirror of As will form just beyond the part heated by the 
flame; the flame burning at the jet will meanwhile become 
colourless, showing that the arsenic has beeu removed from . 
the hydrogen. Heat another point in the tube so as to pro- 
duce a second mirror; then divide the tube between the 
mirrors, and dissolve one mirror when cold by warming it 
with some fresh solution of CaCljO in a test-tube. Heat the 
other miiTor gently in a test-tube held obliquely in the 
flame; a crystalline sublimate of As^Og will be obtained 
(fig. 40). Dissolve the sublimate when cool in a little hot 
water and confirm the presence of As by reactions (179, 
187). 

183a. AsHg produces a characteristic colour with HgCl, 
solution. Remove the cork from the larger flask and push 
a phig of cotton wool into its neck to stop any spirting from 
the liquid in the flask ; then cover the mouth of the flask 
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'with a small piece of filter paper moistened with HgOl2 
isolation, the paper will become coloured first yellow then 
hrown. If paper moistened with AgNOg solution be sub- 
43tituted it is blackened. 

184. FleitmanrCs test, — ^Boil some pieces of Zn in KHO 
solution, H will be evolved which is free from odour ; if a 
little AS2O3 solution is now added and the liquid is again 
boiled, a garlic odour will be perceptible owing to the 
-evolution of AsHg : — 

/ Zn + 2KH0 = H2 + ZnKgOg. 
\ AS2O3 + 12H = 2 AsHg + 3H2O. 

a small piece of filter paper moistened with AgNOg solu- 
tion is placed on the mouth of the tube whilst the liquid is 
being boiled, it will be stained black by the separation 
ofAg(181). 

This reaction does not succeed with arsenic compoimds 
unless they have been reduced by being boiled with strong 
HCl or with HgSO,. 

Sb compoimds do not give this result, the test therefore 
distinguishes between As and Sb. 

185. Mix any solid substance containing As, which has 
been finely powdered and thoroughly dried in the steam 
oven, intimately in a mortar with about four times as much 
of a mixture of KCy and freshly ignited NagCOg; heat this 
mixture in a httle bulb-tube of hard glass (fig. 43), or in a 

Fig. 43. 




small test-tube about three inches in length, observing the 
precautions stated in the note under (147): a black mirror 
of As will form in the cooler part of the tube and frequently 
a smell of garlic may be detected at the mouth of the tube. 
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If the bulb is cut off and the mirror is gently heated in 
a test-tube, it will be converted into a white sublimate of 
AsgOg or into transparent octahedral crystals of this oxide 
(fig. 40). 

186. If any solid substance containing As is mixed with 
NagCOg and the mixture is heated on charcoal in the inner 
blowpipe flame, a smell of garlic will be noticed when the 
charcoal is removed from the flame : also the flame will 
be coloured livid hlue^ unless this tint is overpowered 
by the yellow sodium coloration. 

186a. If a little solid AsgOg is heated in a small ignition 
tube, it will be readily sublimed; if the AsgOg is perfectly 
dry, and is sublimed very slowly after the upper part of the 
tube has been first heated in the flame, the sublimate will 
sparkle and on examination under the microscope it will be 
seen to consist of octahedral crystals (fig. 40). 
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DiSTINCTIVB TBSTS FOR ABJSEN10U8 AND ARSBNiC COMPOUNDS. 



Reagent. 



187. AgNO^ 
several drops 
are added. 



188. CUSO4, 
several drops : 



189. CuSO^ 
two drops : 
then KilO 
added: 



190. AmCl, 
AmHOf and 



Anenums compound. 
Use AbjOs diBsolved in H2O. 



I/ight yellow precipitatey 
(AgjHAsOjor AgaAsOj): 
this precipitate forms only 
on adding carefally, drop 
by drop, a little dilate 
AmHO :* show that it is 
dissolved by AmHO and 
by HNOg. It is also 
appreciably soluble in 
.^NOg : hence, if too 
much AmHO has been 
added, the precipitate does 
not always form on neutra- 
lising with HNOg. 

Yellowish green precipitate 
(Cu^HAsOj): this precipi- 
tate forms only on adding 
dilute AmHO carefully, 
drop by drop : show 
that it is soluble in 
AmHO and in HNOg. 

The above yellowish green 

Srecipitate is first pro- 
uced, but on addition of 
more KHO this dissolves 
to a clear bltie liquid 
which on being boiled 
deposits red CugU. 
No precipitate. 



Arsenic compound. 

Use Na2HAs04.12H«0 

dissolved in HjO.' 



Brown precipitate^ 
(Ag3As04) : show 
that it is soluble 
in AmHO and in 
HNO3. 



Pale green precipitate 
(CUHASO4): soluble 
in AmHO and in 
HNOs. 



No clear blue solution 
is obtained, and no 
CuqO i3 produced on 
boiling the liquid. 



White crystalline pre- 
cipitate(M^Am A8O4) : 
if filtered off and 
moistened with 
AgNOg solution on 
the filter it becomes 
brown. 



♦ AsjOs when dissolved in water yields HgAsOs which cannot give with 
AgNOg the AgsAsOg precipitate because this decomposition would liberate 
HnOs hi whicn Ag« ASO3 is soluble ; hence the addition of AmHO is neces- 
sary to neutralise tne free acid ; but since the precipitate is also soluble in 
AmHOj the latter must be added carefully in only just sufficient quantity to 
neutralise the acid. This is best effected by using some very dilute AmHO, 
made by pouring a few drops into a test-tube, filling the tube two-thirds 
with distilled water, then closing it with the thumb, and inverting it for a 
moment. The dilute AmHO is to be added drop by drop, shakine or stir- 
ring the test solution after each addition until the precipitate is obtA.\\i<^^. 




AMTmoiTT (Sb).— ■ 
Antimomi; and antimonioiis compoandB give results ultimately 
identical in the foDowingrcictionB (1S1-I98) with the exception of (102). 
After theae renctians, which are coTDroon to Sb In bath its sets of 
compounds, two are given which are distinctive. 

191. ff^'.- orange red precipitate (Sb^Sj) : pour off into 
three tubes, and show that the precipitate is diasolved when 
it is warmed with pure KHO or with AmjS, but is reprecipi- 
tated from these solutions on the addition of HCl in excess : 
iileo that it is soluble in boiling strong HCl. 

192. If poured into much water, SbClg solution yields 
)i white precipitate or turbidity (SbOCl) : this precipitate 
redissolvea on adding HCl and warming and is also readily 
Moluble in H^T; in this latter respect it differs from the 
similarly formed BiOCl precipitate (156). 

193. If the acid SbCl^ solution is poured upon some 
platinum foil in a porcelain dish and a piece of Zn is 
dropped upon the foil, the platinum will be rapidly coated 
with a black deposit of Sb. If the foil is riuaed with water 
and then boiled with HCl, the stain remains undissolved, 
but it is rapidly removed by boiling HNO3. 

Sh may bo detected by the evolution of SbHj when a solution 
containing it is poured into a hydrogen apparatus as is directed in 
(181) for an srseuic solution; this gas differs from AsH, by being free 
from smelt and from poiaonona properties. 

194. If SbHg is passed into AgNOj solution (181), it 
pi-oduces a black precipitate (SbAg,) :^ 

SbHs + SAgNOg = SbAgg + 3HNO3 . 
Filter off this precipitate and reject the filtrate, which 
will contain no Sb ; wash the precipitate four or five times 
with boiling water upon the filter : then pour upon it boil- 
ing dilute H^T solution, which will dissolve the Sb ; receive 
the liquid in a test-tube ; boil it, and pour it once more 
upon the filter; add HCl to the liquid, filter if necessary 
from AgCl and pass H^S into the acid solution, orange red 
Sb.iSg will be precipitated. 

195. A stain produced by Sb on porcelain in the i 
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already described in (182), differs from the As stain by 
presenting a dead surface and by being insoluble in CaCl20 
solution; also when the stain is dissolved by warming it 
with AmgS, the solution if evaporated by a gentle heat 
leaves orange red SbgSg. 

196. The Sb mirror, obtained as is described in (183), 
differs from the As mirror by being formed much nearer to 
the flame and on both sides of the heated part of the tube, 
owing to Sb being less volatile than As; it may furthur be 
distinguished by the test given in (195). This mirror, if 
oxidised by sublimation, is also insoluble in boiling water : 
if it is then dissolved in a little boiling HCl the solution gives 
an orange red precipitate (SbgSg) when HgS is passed into it, 
whereas the AsgOg solution gives yellow AsgSg. 

196a. SbHg acting on filter paper moistened with HgClg 
solution, as is described in (183 a), yields a greyish brown 
stain. 

197. If a solution containing Sb is boiled with Zn and 
KHO it does not evolve SbHg, hence the escaping hydrogen 
does not stain paper moistened with AgNOg solution (184). 
This test distinguishes As from Sb. 

198. If a little solid substance containing Sb is mixed in 
a cavity on wood charcoal with NagCOg and KCy and the 
mixture is heated in the inner blowpipe flame, a white 
incrustation forms on the charcoal and white globules of 
metallic Sb are obtained which are extremely brittle. The 
flame is seen to be coloured pale green, unless this tint is 
concealed by the yellow sodium coloration. When the melted 
Sb is withdrawn from the flame, each globule emits a white 
smoke and coats itself with sharp white crystals of SbgOg. 

The two distinctive tests (199, 200) for antimonious and 
antimonic compounds given in the following Table are seldom 
used ; they may be read through without trying the reactions, 
and may be referred to hereafter if required for analytical 
purposes. 
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DiSTINCTIVB TBSTS FOB ANTIM0NJ017» AND AKTIMONJC 

COMPOITNDS. 



Reagent. 



199. Add excess of 
KHO,thenAgNOs 
solution: 



200, Add excess of 
HCl and warm; 
then _poi;r in a 
little Kl solution: 



AntimoniotM. 

Use the above solution of 

SbCls in dilute HCL 



A dark-coloured precipitate 
which when shaken after 
addition of AmHO leayes 
black Ag40 undissolyed. 

No iodine is set free; proved 
by the liquid not turning 
brown and giving no colour 
after being cooled and mixed 
with freshly-prepared starch 
solution. 



Antimonie. ! 

Use E^SbjOr solution, ob- 1 

tained by boiling some , 

"Potassium metanttmo- 

nate " with H^. ! 



A brown precipitate, which 
dissolves entirely on ad- 
dition of AmHO. 



Iodine is liberated, giving a 
brown colour to we liquid 
and yielding a deep bkie 
colour when starch solu- 
tion is added to the cold 
liquid. 



Tin (Sn). — Stannosum and Staxmicum. 

DiSTINOTIVB REACTIONS FOR STANNOUS AND STANN/(7 

COMPOUNDS. 



Test. 



201. PassHoS: 



202. HgCl^: 



208. AuClg: 
added after a 
drop of Br 
water: 



StannotM. 

Use SnCIo-SHjO dissolved in 

cUlnto HCl. 



/. 



Dark hrottm precipitate * 
(SnS): soluble in KHO 
and in yellow Am^ on 
heating ; re-precipitated 
by HCl, from the KHO 
solution as brown SnS, 
from the Am^S solution 
as yellow SnS,. SnS 
is insoluble in colourless 
AmoS. 



White predpUale (Hg^Cl.): 
turns grey on being l)oiled 
if the SnCl, is in excess 
(146). 

Purple or dark brovrnpreci- 
pUate of ** Purple of Cas- 



sius. 



»> 



Stannic. 
Use SnCl4 in dilute 



HCL 



Yellow precipitate * 
(SnS,), often form- 
ing only when the 
liquid is heated : 
soluble in Am^ 
(both yeUow and 
colourless) and in 
KHO on heating, 
re-precipitated by 
HOI as yellow SnS, 
from both sola: 
tions. 

No precipitate. 



No precipitate. 



* Both SnS and SnSj are leadily aoVvMe mboUing HCL 
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The following reactions give ultimately the same results 
with both stannotM and stannic compoimds. 

204. Zn when immersed in an Sn solution which has 
been acidified with HCl becomes coated with a spongy 
mass of Sn : the Zn should be allowed to remain for some 
time in the solution in a small porcelain dish; the action is 
much hastened by gentle heat. If the Zn rests on platinum 
foil the Sn is deposited in a spongy state on the Zn^ and 
does not stain the Ft black, differing in this way from Sb. 
The deposition of Sn frx)m SnCl2 is much more rapid than 
from SnCl^. Sn is often precipitated in this reaction in 
beautiful crystals. 

The deposit of Sn may be rubbed and washed off the Zn 
in a porcelain dish, rinsed into a test-tube, and dissolved in 
a little boiling strong HCl; it will yield with HgClg solution 
a white precipitate of HggClg (202). This reaction depends 
upon the presence of SnClg in the acid solution, and this is 
converted by exposure to the air into SnCl^. 

205. If any solid compound containing Sn be mixed with 
powdered NagCOg and KCy and heated on charcoal in the 
inner blowpipe flame, a slight white incrustation will be 
obtained, together with white particles of metallic Sn which 
«re with difficulty fused into globules. The globules of Sn 
^ malleable, but differ from those of Pb by their greater 
hardness, which prevents them from marking paper (153). 



Gold (Au). — Use AuClg solution : note its light yellow colour. 

SnCl^ containing a little SnCl4 : purple or dark brown precipitate of 
^rple of Cassius, which is best seen when the test is made in a white 
porcelain dish. 

hSO^ produces either at once, or on heating the solution, a very 
finely divided precipitate of Au : the liquid usually appears bluish by 
traoBmitted light and is always copper red and turbid by reflected 
light :— 2AUCI3 + 6FeS04 = 2Au + 2Fe3(S04)8 + FcaClg . 

BfSOf produces on boiling a similar precipitate of Au : by boiling 
the liquid for some time in a porcelain dish the Au settles in small 
lack masses and the solution loses its colour. 
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FtATtuwH (Pt). — OseRCIj solution: note its reddisll yellow colour. 

AmCl added to a. strong aolutiou produces on staodiug for some 
time, or more quickly on being stirred, a yellow precipitate (AnijPtClj), 
wbicli is soluble in much hot water. 

SnCl^ givea a reddish browii colour (PtCl,) in the aolutiou aciiiified 
with HCl :—PtCl, + Sua, = PtClj + SnCl, . 

The met/iod of standing and deteding An and Pt is fully stated 
paragraphs (172-474). 

206. Group II.b, — Table op Ditferbncbs. 

The following tests answer for these metals in both seta of 00 
pounds : for furlhor diatinctive tests see the preceding reactions. 

No. 3 may bo omitted, uoleas deciaive reeults hare not beea obtained. 
by 1 and 2. 



\ 



imds give 



2. ZDimd HCIon 



3. ZnuidHCl: 



evolvfC whlcl 
If pasBsd intt 
AgNOaBolutioc 
gives a bJaol 
proclpltate oj 
Ag, II.AaO, be- 
ing left in lolu 
ttanioaaddlna 



No metalUc alo- 
bules; .Hen o( 



Ortmge nd preci- 
pitate, aoluble 
In boiling 



Sbnn gu is 
evulved.whlcli 

AgNO^o' 

tnmiirblclihDt 
H,T »lDt 
dlsBolves 
H^ ^lei 

slier add 



dpltBts with 
cigiltHte wlUi 



p^oKnura. 
Sn^ deposited on 



prodlpltai 
addlcloa 
HgCV 
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Separation and detection op metals in Group Il.a 

Several methods have been proposed for the separation and 
detection of As, Sb and Sn, when they are mixed ; the most 
trustworthy are those introduced by Hofmann (208) and by 
Fresenius (210); but a method, which is more simple and 
can be much more rapidly carried out, is described in (209). 

207.* From a solution which may contain As, Sb and Sn, 
these metals are first precipitated as sulphides by passing HgS 
into the acidified solution; after filtering off the sulphides 
the filtrate is again tested by passing HgS through it and 
warming, in order to see whether the precipitation has been 
complete. When no further precipitation is produced by 
HjS, the precipitate is examined by (208, 209, or 210). 

208.* Hofmann^ 8 method consists in pouring the solution 

of the metals into a flask, in which H is being generated by 

the action of HCl upon Zn ; Sn will remain as a spongy mass 

on the Zn, while As and Sb will be evolved as AsHg and SbH, ; 

these two gases are passed into AgNOg solution and yield 

soluble HgAsOg and insoluble AggSb, which are separated by 

filtration ; after the three members of this group have been 

thus separated they are detected by the special tests already 

described, which are tabulated in (435 h). 

209.* The following method of examining a precipitate, 
which may contain the sulphides of As, Sb, Sn (207), is simple 
and expeditious, and is sufficiently accurate when traces of 
these metals have not to be looked for. 

It depends upon the insolubility of AsgSg in hot strong 
HCl, in which SnS, SnSg and SbgSg are soluble ; the further 
separation of Sb and Sn is effected either by adding Zn alone 
to the acid solution, when Sb is evolved as SbHg and Sn is 
deposited upon the Zn ; or by adding Zn and Pt, when Sn 
^ deposited on the Zn and Sb on the Pt. 

The precipitate produced hy H^ (207) is filtered off and 
^owed to drain for some time upon the filter in the fimnel ; 
^^ is best to drain it still further by carefully taking the filter 

1 
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out of the Ainael, opening it out, and Bpreading it upon a 
piece of filter paper folded aeveral times, or upon a pile of 
three or four cut filter papere. The precipitate is then 
removed to a small porcelain dish and heated for eome time 
nearly to boiling with strong fuming HCl ; the liquid is 
cooled and filtered : — 



Tlu raiiduf. v/ 
cousist chiell7 
Aa,S,, which 
nlmoat inaoluhle 
in strong HCl. 

Dry the waaheil ' 
sidue OD the filter 
at a gentle heat, 
then mix it with 
threeor four times 
Bsmucb powdered 
KCyandNii,COj, 
and heat the mis- 



TltifiUra. 



eithEt 



i Sq bj 



Imlli-tute, ri 



tube by n twisted 
piece of filter- 
poper : a blnek 

Prtaence of Ai. 



by MlOfng AmCI, cue..™ 
Of AmHO Md MbSO, 
(IM); or by uddJtlnn i.f 
AgNO,, ana ISCH 
ennUmiilT nButmlWng 
nrltb AmHO <la7). 



I. Place a piece of platinwn-foil lu a porcelain 
diah oiiii pour the acid jiltrate upon it, theu 
touch the foil with a piece of Zn ; H will come 
off with efforrcaecQce, and if either at once or 
aft<!r a few minutes a black stain ajrpeaTB 
upon the platinum the prceeiicc o/ Sbvi mdi- 

The platinum-foil is removed and pieces of Zn 
am pkced in the liquid : as soon as tbe bubblaa 
of H ceaae to be given off, Zn Etiil remaining 
undissolved, remove the pieces of Za, rnbhing 



and heat the solid deposit with strong HCf for 
sEVeral minutes in a test-tube, dilute with a 
little water, filter if necessary, and add a few 
drojiB of HgCl, solution ; a white or gtey 
precipitate (20j, 202) indicates the preatBet 
ofSn. 

II. Theacid filtrateiB poured intoalittlahydny- 
geu flask (fig. *I, p. 118), in which H has been 
coming off briskly for abont five minutes, being 
produced by the action of a little strong HCl 
upon some pieces of Zn. Tbe H is lighted at 
the jet, and the inside of a small porcelain diah 
or crucible lid pressed down upon the flame : a 
black stain not dissolved by solutjon of bleach- 
ing powder shows the praente of Sb. 

The residue in the flaak is teateJ for Sn, as 
directed in the latter part of I. (above). 



* The Sb thus deposited on the Ft may, after rinsing the foil, be 
dissolved by heating the Ft in a test-tube with ft little Tery dilnta 
HNOs) on cooling, diluting, and passing H^, an orange-red precipi- 
tate will form, confirming the proeiux o/ Sb. 

210.* Freieniui' method of detecting Ab, Sb and Sn, is 
very delicate and trustworthy. It depends upon the &ct 
that fusion with NsjCOj and NaNOj converts As^S, into 
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soluble NagHAsO^, SbgSg into insoluble NogH^SbgO^, and 
SnSg into insoluble Sn or SnOg. 

The precipitated sulphides (207) are dried on the filter, and 
the precipitate* well mixed on a watch glass or in an agate 
mortar with equal weights of powdered NagCOg and NaNOg; 
this powder is dropped in small quantities at a time into 
some NaNOg kept melted in a small porcelain crucible over 
a Bunsen flame. When the powder has all been added, the 
crucible is heated sufficiently to keep the substance melted 
for a few minutes, and the fused mass is then poured into 
a small dry porcelain dish ; as soon as the substance has 
cooled, cold water is poured upon it in the dish and also 
upon the residue adhering to the inside of the crucible, and 
the solid substance is allowed to soak for some time with 
occasional stirring, crushing it by pressure with a pestle if 
it does not easily fall to p^ieces; it is then filtered: — 



The residtie is washed on the filter with a mixture 
of equal measures of water and alcohol, to pre- 
vent solution of the NajHgSbaOy ; the washings 
are rejected. The precipitate is then rinsed 
into a small porcelain dish, using as little 
water as possible ; a few drops of strong HCl 
are added and the dish is heated, more HCl 
being added, if necessary, to make the liquid 
acid to litmus-paper. Whether the residue has 
dissolved or not, place in the liquid a piece of 
clean platinum-foil, and upon the foil a piece of 
pure Zn. Remove the foil after a few seconds, 
if it shows a black stain the presence of i>b is 
proved. + When the Zn ceases to be acted 
upon, 8n if present will remain as a spongy 
deposit. This is to be washed by decanta- 
tion, dissolved by boiling with HCl in a test- 
tube, and HgClg added immediately to the 
solution ; a white precipitate (202) shows the 

presence of Sn. 



Filtrate: HNO, is 
added until the 
solution is just 
acid after be- 
ing boiled, then 
AgNOg solution 
is poured in as 
long as it causes 
any precipitate, 
and very dilute 
AmHO is added 
little by little Ijl; 
a brown precipi- 
tate, readily dis- 
solving in excess 
of AmHO, shows 
the presence of As. 



* If the quantity of the precipitate is very small, the part of the paper 
^^Utaining the precipitate is cut up into small pieces and treated as the 
PJ^cipitate. 

i* See foot-note on page 180. 

^ Instead of mixing dilute AmHO with the liquid, it may be carefully 
Potired upon the top of the liquid ; a brown cnlour is then seen at the sur- 
^*ce of contact. 
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GROUP I.— SILVER GROUP. 

211. This group includes Pb, Ag, Hg'. 

The compounds of these metals differ from those of all 
other metals, by being precipitated as chlorides by HCl 
or by soluble chlorides ; since, however, PbClg is somewhat 
soluble in water, Pb is not entirely precipitated and is 
also found in Group II.A. as PbS. 



Lead (Pb). 

The reactions for Pb have been already given under 
Group II.A. in paragraphs (149-153). 



Silver (Ag). — Use AgNOg solution. 

212. HCl: white precipitate (Agd), becomes curdy on 
being shaken or heated : pour off into four tubes ; filter one, 
wash the precipitate and let it stand for some time exposed 
to sunlight or common daylight, it will become blackish 
purple ; show with the other portions that AgCl dissolves 
readily when heated with AmHO or with KCy solution, and 
is precipitated again from these solutions on adding HNO3 
in excess; also that it is insoluble in HNO3 ^^^^ on 
boiling. 

218. H^S or Am^S: black precipitate (AgjS), insoluble in Am^S 
and in KHO, soluble in boiling dilute HNO3. 

214. KHO: brown precipitate (AgHO), insoluble in excess. 

215. AmHO: light brown precipitate, produced only 
when very dilute AmHO is added drop by drop, since it is 
very easily soluble in excess of AmHO. 

216. If any solid substance containing Ag is mixed with powdered 
NagCOs and heated on charcoal in the inner blowpipe flame, it will give 
white malleable globules or scales of Ag, but no incrustation. 
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Mbrourosum (Hg').— Use Hg'2(N03)2.H20 in dHute HNO3. 

Reactions (144-148) for mercuric salts yield precisely similar results 
with mercurous salts ; the two following reactions (217, 218), how- 
ever, serve to distinguish mercuric from mercurous salts. 

217. HCl: a white precipitate (Hg'gClg), insoluble in 
dilute acids unless warmed with both HCl and HNO3, which 
convert it into soluble Hg^'Clg : becomes black when AmHO 
is poured upon it, but does not dissolve, A solution of a 
mercuric salt is not precipitated by HCl or by solutions of 
chlorides. 

218. AmHO, or KHO: black precipitate, insoluble in 
excess. In a solution of a mercuric salt AmHO usually 
causes a white precipitate (NHgHgCl), and KHO pre- 
cipitates yellow HgO. 



220. Group I. — Table op Differences. 



Tests. 



Fw liquids. 
LAddHCh: 



2. Add AmHO, 
very dilute : 



3.AddK2Cr04: 



For solida. 

*• Fuse with 
^aaCOj on char- 
coal in the inner 
blowpipe flame : 



Pb. 



Ag. 



White precipitate, 
solubte in boiling 
water; AmHO 
neither dissolves 
the precipitate 
nor changes its 
colour. 



White precipitate, 
insoluble in ex- 
cess. 



Briaht yeUoto pre- 
cipitate. 



White nuUleable 
globules of metal 
which mark pa- 
per; yellow in- 
crustation on the 
charcoal. 



White curdy pre- 
cipitate, inaoltt- 
ble in boiling 
water, easily 
soluble in warm, 
AmHO. 



Broxjon precipitate, 
readily soluble in 
excess. 



Chocolate red 
cipitate. 



pre- 



White malleaible 
globules or scales 
which do not 
mark paper; no 
incrustation. 



Hg'. 



White precipitate, 
insoluble in boil- 
ing water; in- 
soluble in AmHO, 
but blackened by 
it. 



Black precipitate, 
insoluble in ex- 
cess. 



Scarlet red preci- 
pitate. 



No metallic glo- 
bules. 

Confirm by heating 
with Na^COs in 
an ignition tube 
(147). 
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Separation and detection op metals in Group I. 
221.* The following differences are made use of : — 

1. The solubility of PbClg in boiling water, in which 
AgCl and Hg'gClg are insoluble. 

2. The solubiUty of AgCl in AmHO, in which Hg'gClg is 
insoluble. 

The presence of each member when separated is then con- 
firmed by one of its special tests. 

222.* A solution which is to he examined for Phy Ag^ 
Hg' is precipitated by adding HCl in excess, it is then filtered 
and the clear filtrate is tested with more HCl to ascertain 
that no further precipitate is produced: the precipitate is 
then examined by Table I. (433.) 



The foregoing reactions only include those for the metals of common 
occurrence. For information concerning the reactions, detection and 
separation of the rarer metals and organic bases, the student is referred 
to the latter part of the sixth section of this book. 
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REACTIONS FOR AOID-RADIOLBS. 



The acid-radicles are usually detected in the course of 
analysis by special tests : they cannot advantageously be 
precipitated in groups and the members of each group 
then separated and identified, as is the case with the metals. 
Accordingly the arrangement here adopted consists in 
placing together in a group such acid-radicles as somewhat 
resemble one another in their reactions, and at the end of 
each group stating upon what differences the detection of its 
members when occurring together depends. 

The reactions for acid-radicles are worked through in the 
same way as those for the metals, a salt or other compound 
containing the radicle being employed. At the end of each 
group the student may with advantage detect one or more 
of its members, as was done with the metals. 

The systematic Tables of Differences, such as are given 
for each group of the metals, are not drawn out for the acid- 
radicle groups; the student should have no diflficulty in con- 
structing such tables for himself, either mentally or on 
paper, by looking through the reactions. 



GROUP I.— SULPHATE GROUP. 

Sulphates are the only commonly occurring salts which 
give with BaClg a precipitate insoluble in boiling HCl. 
Fluosilicates resemble sulphates in this respect, but they 
differ in so many other reactions that they are considered 
hereafter (299-301) in connection with fluorides and silicates, 
to which they are analytically more closely related. Selen- 
ates also yield a precipitate of BaSeO^ on addition of 
BaClg, but it dissolves when boiled for some time with strong 
HCl. 



136 GROUP I. — SULPHATES. [227, M8 

Sulphates (-"SO^).— Use NajSO^.lOHgO. 

227. BaCl^ or Ba{NO^^: white precipitate (BaSO^), 
insoluble when boiled with dilute HCl or HNO3 . 

Add BaClg or Ba(N03)2 to strong HCl or HNO3, a white 
precipitate will be produced consisting of BaClg or Ba(N0g)2 
which are insoluble in the strong acids : these precipitates are 
readily distinguished from BaSO^ by their solubility in water. 

228. If a sulphate, or any solid substance containing 
sulphur, is mixed with solid NagCOg and fused on charcoal 
in the inner blowpipe flame, it will yield NagS : — 

NagSO^ + 4C = NagS + 4C0 . 

The NagS is readily detected by detaching the cold solid 
mass from the charcoal with the point of a knife, placing a 
portion of it upon a bright silver coin, and moistening it 
with a drop of water: after the moistened mass has remained 
upon the coin for a short time it is rinsed off", and a black 
stain will then be seen upon the silver where the substance 
has rested (231). 

Another portion of the cool mass may be moistened with 
a drop of HCl; a fetid smell of HgS will then be observed, 
and a piece of paper moistened with PbAg solution and held 
above it, will be blackened (230). 

This test is evidently only of value for detecting a sulphate 
when it is known that sulphur is not present in any other 
form in the substance to be tested. It is also necessary that 
sulphur should not be introduced in the NagCOg, or by the 
flame : and since coal gas may contain sufficient sulphur to 
give the above reaction with pure NagCOg, it is always ad- 
visable to employ the flame of a spirit lamp rather than that 
of a gas burner for this reaction. 

Hydrogen sulphate^ or sulphuric add (HgSO^), may be 
detected by producing black charred stains on paper which 
has been dipped into it and dried by heat: it also has a 
strongly acid reaction to litmus, and evolves hydrogen when 
it is warmed with Zn : these properties are, however, shown 
hj some metallic and acid sulphates. 
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GROUP IL.— CARBONATE GROUP. 

The five following classes of salts give off characteristic 
gases when acted upon by HCl. 



Carbonates ( — "CO3). — Use NagCOg, or CaCOg. 

229. HCl, HA, H^T, or almost any other acid, if poured 
upon a carbonate in a test-tube, causes colourless almost 
inodorous carbon dioxide gas (COg) to escape with efferves- 
cence ; this gas is recognised by its property of turning lime 
or baryta water milky by the production in them of an 
insoluble carbonate. 

The test may be tried in several ways. 

1. The acid may be poured upon the carbonate in a test- 
tube : a glass rod which has been dipped into some perfectly 
clear lime water and has a small drop adhering to its end 
is then introduced into the test-tube, without touching the 
liquid or the inside of the tube; the drop will quickly become 
milky: the milkiness is best seen when the drop is held 
above a dead black surface. 

2. Since COj gas is much heavier than air, it will remain 
in the test-tube if the tube is held erect and its mouth is 
loosely closed with the thumb ; by gradually sloping the tube 
the heavy gas may then be poured into another test-tube con- 
taining lime water, without allowing any liquid to flow out ; 
on closing this tube with the thiunb and shaking the lime 
water up with the gas, the liquid will become milky. 

3. The acid may be poured upon the carbonate in a small 
beaker, which is immediately covered with a watch glass with 
its convex surface downwards and having a drop of clear lime 
water adhering to the middle : the drop will become milky. 

4. If the COg is given off in considerable quantity, it may 
be made to pass into some lime water contained in a separate 
tube ; this is effected by either of the forms of apparatus 
sho^ni in (fig. 44) on the next page. 
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In testing for a carbonate the following precautions must be 
attended to. 

Since the milkiness produced in lime water by CO2 gradually 



Fig. 44. 



9 




disappears when more CO^ is absorbed, if the liiue 
water does not become milky at once it must be 
Jk constantly watched, in order to avoid the risk of its 

B I becoming milky and clear again before being seen. 

Also if the addition of the first few drops of acid 
does not cause an efifervescence of CO2 more acid 
should be added, since many carbonates retain the 
first portions of COg by forming acid carbonates, as 
is shown by the following equation : — 

Na^COa + CO2 + HgO - 2NaHC03. 

Hydrk carbonates, or hicarhonates, are decomposed by heat into 
normal carbonates with escape of COg and HgO : prove this by adding 
NaHCOa to boiling water in a test-tube, when effervescence will occur: — 

2NaHC03 = NagCOa + COj + HgO. 

A solid substance which is being tested for a carbonate by HCI 
should be first moistened so as to drive out the air bubbles entangled 
in it, since these whilst escaping might be mistaken for a slight 
effervescence of COj. 

A solution of a bicarbonate made in cold water gives no precipitate 
with MgS04 solution, but after being boiled the solution will contain 
a normal carbonate and will precipitate white MgCOa. 

With HgClg the solution of a bicarbonate yields a pale yellow precipi- 
tate, while solution of a normal carbonate yields a red precipitate. 

Hydrogen carbonate, or carbonic add (HgCOg), can only 
exist in dilute aqueous solution ; addition of lime water to 
its solution causes milkiness ; but since other substances in 
solution behave in a similar way, the acid is best found by 
boiling the liquid and passing the COg which is evolved with 
the steam into lime water ; the lime water becomes milky. 



Sulphides ( - "S). — Use FeS or AmgS. 

230. HCI or H^O^ when poured upon a small fragment of 
FeS causes HgS gas to escape with effervescence : this gas 
is detected by its fetid smell, resembling that of rotten eggs, 
and by its property of bliEickening PbAg solution, owing to 
the formation of PbS. The gas may be made to act upon 
the PbAg solution by the methods given for COg (229. 1-4) ; 
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or a small strip of filter paper, moistened with the solution^ 
may be introduced into the gas on the end of a glass rod. 

This test is made much more delicate if the paper is 
moistened with a solution prepared by adding KHO to boil- 
ing PbAg solution until the precipitate formed at first is re- 
dissolved : a test paper thus prepared becomes intensely 
blackened by HgS. The paper strip should be attached to 
the rod by only half its length, so as to expose both sides of 
the free end to the gas. 

231. A solution of a sulphide if dropped upon a bright 
silver coin produces a black stain (AggS); this may be 
removed by rubbing the coin with moist lime. 

232. An insoluble sulphide such as FeS, which gives off 
HgS on the addition of HCl, produces a black stain when it 
is placed on a silver coin and moistened with a drop of HCl. 

233. FhA^ solution gives with soluble sulphides a black 
precipitate (PbS). The solution produced by adding KHO in 
excess to PbAg solution is a more delicate reagent for this test. 

234. Free S and many sulphides, when strongly heated 
in a test-tube, give a sulphur sublimate of brown drops or 
yellow powder : and if heated in a tube open at both ends 
and held obliquely in the flame they give off SOg gas, which 
may be recognised by its pungent smell and by turning 
paper moistened with KgCrgO^ solution green. 

235. Reaction (306) for a cyanide may be employed as 
a very delicate test for a soluble sulphide. 

An insoluble sulphide, when fused in a covered porcelain 
crucible or in a closed hard glass tube with NagCOg, yields 
soluble NagS. 

A sulphide when fused with KNO3 or when heated with 
strong HNO3 yields a sulphate, which may be detected in 
solution by BaCla (227). 

Hydrogen sulphide^ or hydrosulpkuric add (HgS), in 
aqueous solution is easily recognised by (231) or (233) ; 
unless the solution is very dilute it emits H^S, which is 
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readily detected by its smell, or by suspending lead acetate 
paper over the liquid. 



Sulphites ( - "SOg).— Use NagSOg . 

236. HCl or H^O^ when poured upon NagSOg and 
warmed gives off SOg gas, which is known by its pungent 
smell and by turning KgCrgO.^ solution green : a drop of the 
KgCrgO^ solution hanging on the end of a glass rod may be 
exposed to the gas (229), or a small strip of filter paper may 
be wetted with the bichromate solution and then attached 
by half its length to the rod, the other half hanging freely in 
the gas. HgT solution does not evolve SOg from a sulphite. 

237. BaCl^ .* white precipitate (BaSOg) : entirely soluble 
in HCl, unless NagSO^ is also present when BaSO^ remains 
undissolved : on adding CI- or Br-water to the HCl solution, 
BaSO^ is formed and precipitated: — 

BaSOg + 2HC1 = BaClg + HgSOg . 

BaClg + H2SO3 + HgO + 2C1 = BaSO^ + 4HC1 . 

238. The addition of Na^SO^ solution to a mixture of 
HCl and Zn, which is giving off pure H, immediately 
causes an evolution of HgS : the HgS is detected by its 
smell, or by blackening a piece of filter paper moistened 
with solution of Pblg or of PbO in excess of KHO (230). 

Hydrogen sulphite^ or sulphurous add (HgSOg), can be 
detected in aqueous solution by adding a drop of KgCrgO^ 
solution, which will at once become green : strong aqueous 
solution slowly evolves SOg, which is detected by its smell ; 
dilute solutions also evolve SOg when they are heated. 



THIOSULPHATES, OR HYPOSULPHITES ( - "SgOg). 

' Use Na2S20g.5H20 solution. 

239. HCl or H^SO^ causes no immediate change in the 
cold solution, but the acidified liquid after standing for a 
few seconds deposits a precipitate of yellow S and then con- 
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tains HgSOg ; hence SOg may be recognised by its pungent 
smell when the liquid is heated and may be detected in the 
solution by adding a few drops of red KgCrgO^ solution, which 
changes colour to green. 

240. Fe^Cl^ gives a reddish violet colour, which vanishes after a 
short time in the cold and immediately when heated ; the Fe^Clg sohi- 
tion at the same time loses its yellow colour owing to the change of 
FcaClg into FeClj. 

240a. AgNO^; a white precipitate (AggSgOg), becoming 
black after standing for a short time, or immediately when 
heated, owing to the formation of AggS : — 

Ag^SgOg + HgO = AggS + H^SO, . 

The above precipitate (AggSgOg) dissolves very readily in 
excess of the NagSgOg solution, hence it is most easily 
obtained by dropping the latter into some AgNOg solution. 

Hydrogen thiosulphate, or thiosulphuric add (HgSgOg), is 
extremely unstable, rapidly separating into S + HgSOg (239). 



Hypochlorites ( - 'CIO). — Use CaClgO. 

Hypochlorites in the solid state or in strong solution give off a faint 
smell of CI. 

241. HCl, H^SO^, H^O, or even COc^ sets free CI from a 
hypochlorite in the cold; the gas may be recognised by its 
smell, its yellowish colour, and by bleaching a piece of 
moistened litmus paper which is held for a short time in the 
tube : if the CI is small in quantity and remains dissolved, a 
piece of litmus paper may be shaken up with the solution. 

Bleaching by the solution may occur even without the 
addition of acid, owing to the bleaching power of the 
h3rpochlorite itself or to the liberation of CI by the COg in 
the air: on the addition of any acid, however, the bleaching 
of the immersed paper is very rapid : — 

CaCLjO + 2HC1 = 2C1 + CaCla + H2O. 

242. If a solution of a hypochlorite is added in large 
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quantity to PbAg solution it gives a white precipitate whicli 
becomes red and then dark brown (PbOg) when the liquid 
is boiled for a short time. 

When a hypochlorite is heated with MnCl^ solution, it 
xilso gives a dark hrotm precipitate. 

Hydrogen hypockloritey or ht/pochlorotis acid (HCIO), is a 
yellow liquid with sweetish smell, and is very unstable un- 
less largely diluted : it bleaches litmus and evolves CI when 
it is warmed with HCl. 



Nitrites ( - 'NO2).— Use KNOg. 

243. When a nitrite is warmed with dilute HgSO^ it 
■evolves reddish brown nitrous fumes, which have a character- 
istic smell; they are best seen by looking down the tube at 
a white surface. 

244. When cold FeSO^ solution is added to the solution 
of a nitrite it becomes brown; the colour becomes much 
more intense on the addition of cold dilute HgSO^: it is 
due to a compound of NO with FeSO^, and is destroyed by 
boiling the liquid, when red fumes are given off (243). 

245. Drop a little starch powder into some water boiling 
in a porcelain dish and boil for a short time; then cool the 
starch solution and add to it a few drops of KI solution, 
then some solution of a nitrite and several drops of HA: an 
intense blue colour will be produced, owing to the combina- 
tion of iodine, set free by the HNOg, with the starch; the test 
is best made in a white porcelain dish, the liquid, which often 
appears black at first, being diluted if necessary until its 
blue colour becomes visible. This is a most delicate test if 
the liquid is quite cold : and it is of value if the colour is 
not produced until the HA is added. 

Hydrogen nitrite, or nitrous acid (HNOg), is extremely 
unstable, decomposing rapidly into HNO3, ^^> ^^^ ^gO. 
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Detection op Acid-Radicles in Group IL 

246.* The detection of these acid-radicles when occurring 
singly presents no difficulty; but most of the acids which 
are formed on the addition of HCl to the salts of this group, 
react upon one another; thus HCIO oxidises HNOg, HgS and 
HgSOg; and HgSOg oxidises HgS. The analyst may often by 
skilful use of the above reactions detect these acid-radicles 
when they are mixed; but their detection in certain mix- 
tures is a problem only soluble by careful consideration and 
not unfrequently insoluble. 

SOg may be detected by KgCrgO.^ paper : HgS by PbAg 
paper: CI by bleaching moist litmus paper: N2O3 by its 
brown •colour. But COg can only be detected in the pre- 
sence of much SOg by passing the gases through hot KgCrgO; 
solution which absorbs SOg, COg passing on and being de- 
tected by lime water. 

It should be noted that while carbonates evolve COo 
when acted upon by HgT, sulphites are not decomposed by 
that acid. 
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GROUP III.— NITRATE GROUP. 

This group includes nitrates and chlorates: these salts 
resemble one another in many respects, more particularly in 
the fact that none of them are perfectly insoluble in water; 
hence no method of precipitating them is known. 



Nitrates ( - 'NOg).— Use KNO3 . 

247. Add to some KNO3 solution contained in a rather 
broad test-tube, about an equal bulk of strong HgSO^; cool 
the liquid in a stream of cold water from the tap; then pour 
some strong cold FeSO^ solution in a gentle stream jfrom a 
pipette down the inside of the tube, which is held in an 
inclined position: a distinct layer of the FeSO^ solution 
may thus be formed on the surface of the acid liquid. A dark 
hrotm film or ring, which sometimes extends upwards, will 
then appear where the liquids are in contact. 

The colour is most easily seen by holding a piece of filter 
paper between the tube and a bright flame or window, and 
looking through the tube at the light. A mere yellow 
colour is often produced in the absence of a nitrate and may 
be disregarded. 

The test is made more delicate by letting the tube stand 
in a beaker of cold water for a few minutes, since heat pre- 
vents or removes the brown coloration. If much nitric acid 
is present, the brown colour extends upwards on mixing the 
acid and FeSO^ solution, imtil the heat evolved by the 
dilution of the strong HgSO^ causes the NO to escape and 
to form brown fumes in the test-tube ; the liquid at the same 
time loses its dark brown colour (244). 

248. Put a few small scraps of Cu in some KNO3 solu- 
tion and add strong HgSO^ ; brown nitrous fumes will appear 
either at once or on warming the tube : they are best seen, if 
small in quantity, by looking down the tube at a white surface. 
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The liquid at the same time becomes blue &om the produc- 
tion in it of Cu (N03)2 : — 

8HNO3 + 3Cu = 2N0 + 3Cu(N03)2 + 4H2O . 

NO is itself a colourless gas, but it yields NgOg and NgO^ 
by oxidation when mixed with air, and these are reddish 
brown. 

249. K some cold dilute indigo solution is poured into 
cold KNO3 solution until it is decidedly blue and then 
HgSOg is added, the blue colour remains unchanged : this 
reaction distmguishes a nitrate from a chlorate. 

250. If any solid nitrate is heated to redness with 
fusion mixture (NagCOg + KgCOg) on platinum foil for 
several minutes, a soluble alkaline nitrite is formed ; if the 
foil after cooling is boiled in water, a portion of this solu- 
tion may be proved to contain a nitrite by the test in 
paragraph (245) ; another portion acidified with HNO3 will 
be found to give no precipitate with AgNOg. Compare 
(254). 

A nitrate in solution may also be reduced to a nitrite by 
the action of nascent hydrogen. Add dilute HgSO^ to some 
KNO3 solution; on the addition of freshly made starch 
solution containing KI no colour will be produced, but on 
dropping in a fi«,gment of Zn the liquid will assxune a 
deep blue colour (245). 

251. Solid E^Og when fused on charcoal in the blowpipe 
flame deftagrates^ that is to say the surface of the charcoal 
bums away rapidly like gunpowder. 

251a. Many metallic nitrates, when heated in a glass tube 
closed at one end, evolve reddish brown fames with a charac- 
teristic smell (N2O4) and oxygen : PbNgOg = NgO^ -i- + PbO. 
The N2O4 is recognised by its colour and smell, and the 
by inflaming a glowing splinter of wood. Lead nitrate may 
be used in trying this experiment. 

Hyd/rogen nitrate, or nii/ric acid (HNO3), has a strongly 
acid reaction: it gives with FeSO^ solution a brown ring 



(247), tmd with Cu brown fumes (348) and ft blue solution. 
When it is evaporated with quill clippings, it stains them 
bright yellow, 

Chlohates ( - 'ClOg).— Use KClOs- 

252. If cold dilute indigo solution is gradually added to 
a cold solution of KClOg until the liquid is coloured faintly 
but distinctly blue, and some H^Oj is then poured in and 
the mixture is shaken, the blue colour of the indigo is at 
once destroyed (349). 

253. Stron(f H^SO^ poured upon a little solid KCIO, be- 
comes orange red in colour, and evolves when shaken a, 
bright yeUow gas (ClaOj):— 

3KCIO3 + H3SO, = Cl^( + KCIO^ + KjSOj + HjO. 
This gas has a smell somewhat resembling that of chlorine ; 
it explodes readily when gently heated, hence on warming 
the mixture in the tube crackling sounds or small explo- 
sions will be produced. 

This eiperiment may be dangerous, iiuless very little 
KCIO3 is used and the mixture is heated gently with the 
mouth of the teatrtube turned away from the person. 

254. AgNO^ produces no precipitate with KClOj solution 
which is free from KCl. But if some sobd KClOg be heated 
in a test-tube, it fuses and gives off oxygen with efferves- 
cence ; this gas may be recognised by holding in the tube a 
slip of wood with a spark at its end, the spark is caused to 
burst into a flame. 

If the tube is then allowed to cool and the residue 
is dissolved by heating it with water, a portion of the 
solution will be found to give no reaction for a nitrit« 
(245) : but another portion will give on addition of AgNO, 
a white precipitate (AgCI), which does not dissolve in HNOj 
even on boiling, but dissolves readily in AmHO (257) : this 
precipitate is caused by ECl formed irom the chlorate : 
Ka03 = KCl + 03. 
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A chlorate which does not yield a soluble chloride must 
be mixed with fusion mixture before it is heated. 

This reaction readily distinguishes a chlorate from a 
nitrate. 

255. If EClOg'is heated on charcoal in the blowpipe 
flame, it causes l^e charcoal to deflagrate. 

Hydrogen cMorate, or chloric add (HCIO3), is a colourless, 
odourless liquid, which first reddens and then bleaches 
litmus paper ; on being kept for some time it changes into 
0, CI, HCIO4 and HgO; the same change occurs rapidly 
when it is heated. 



Dbtbction op a nitrate and a chlorate. 

256.* There is little difficulty in distinguishing a nitrate 
from a chlorate. 

When present together they more or less interfere with 
one another's reactions; but in the absence or after the 
removal of chlorides and nitrites, they may be detected 
by heating the solid substance strongly for a short time, and 
then testing for a nitrite and a chloride (250, 254). 
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GROUP IV.— CHLORIDE GROUP. 

Chlorides, bromides and iodides closely resemble one 
another in their reactions; they are aU precipitated by 
AgNOg from solutions to which HNO3 has been added in 
excess; in this respect they differ from aU salts except 
cyanides, ferrocyanides and ferricyanides and these are 
easily distinguished by other means. 



Chloridbs ( - 'CI). — Use NaCl. 

257. AgNO^ when added to the solution of a chloride 
gives a pure white precipitate (AgCl), which collects into 
curdy masses if the liquid is heated or shaken, and rapidly 
turns violet in simlight, slowly darkening even in diffused 
daylight. 

Decant the water; warm one portion of the precipitate with 
HNO3, it will not dissolve ; to another portion add AmHO, 
it will readily dissolve ; AgCl is also soluble in KCy and in 
NagSgOg solutions. Decant the liquid and warm the pre- 
cipitate with a little strong HgSO^, the acid wiU remain 
colourless and no coloured vapour will be given off. 

258. Warm some solid NaCl with strong H2SO4, colourless 
HCl will be given off and may be recognised by fuming in 
the air, by reddening moistened blue litmus paper, and by 
making a drop of AgNOg solution acidified with HNOj 
milky (229. 1-4). 

259. Mix together intimately some finely powdered NaCl 
and MnOg, then add strong HgSO^ and warm the mixture; 
chlorine gas will be evolved: — 

2NaCl + MnOg + SHgSO^ = 2C1 + MnSO^ + 2NaHS04 + 2H2O. 

This gas is recognised by its power of bleaching a piece 
of moistened litmus paper, which is introduced into the tube 
on a glass rod. The most delicate way of making this test 
is to mix the substances in a small beaker, cover this with a 
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watch glass which bears on its under surface a piece of moist 
Htmus paper, and then warm the mixture and let it stand 
for some time. Moist starch is not coloured when held in 
the escaping gas. 

Many samples of commercial MnO^ eyolve CI when heated with 
H2SO4 ; hence unless the MnOa has been specially prepared by pre- 
cipitation, it must be carefully .tested before it is used for this reaction; 
or the MnOj and H2SO4 may be first boiled together as long as any 
bleaching action is produced when moist litmus is held in the tube, 
then the substance to be tested is added and CI is again tested for whilo 
the mixture is being heated. 

260. If an intimate mixture is made of solid NaCl with 
three or four times as much KgCrgO^ by rubbing the two 
substances together to a fine powder in a mortar, and this 
mixture is stirred with strong HgSO^ and heated in the 
tube or flask represented on page 138, reddish brown vapour 
(CrOgCLj) will be evolved: — 

4NaCl + KgCrgOy + GHgSO^ = 2Cr02Cl2 + 4NaHS04 + 

2KHSO4 + 3H2O. 

K the vapour escaping from the delivery-tube is passed 
into some water in a test-tube, the water will become red- 
dish yellow in colour, owing to the formation of HgCrO^: — 

CrOgClg + 2H2O = HgCrO^ + 2HC1 . 

On adding excess of AmHO to this reddish yellow liquid 
the colour changes to pale yellow, since Am2Cr04 is formed. 
On now adding excess of HA the original reddish yellow 
colour is reproduced, and the presence in this liquid of 
HgCrO^, and therefore indirectly that of a chloride, may be 
shown by the formation of a yellow precipitate (PbCrO^) on 
the addition of PbAg solution. 

The detection of a chloride by this method depends on 
the formation of HgCrO^ in the water in the test-tube from 
the vapour of CrOgClg: great care must therefore be taken 
that none of the mixture containing a chromate is allowed 
to get into the delivery-tube and thence into the water. 

Care must also be taken that the water is not sucked 
back into the hot strong HgSO^: this is prevented by raising 



the deliveiy-tube out of the water aa soon as the heating 
!8 stopped. 

Hydrogen eAloride, or hydrochloric acid (HCl), is a colour- 
leas gaa which fumes in the air and dissolves very readily 
in water; both the gaa and its solution render milky some 
AgNO^ solution which has been acidified with HNOg, When 
it is heated with MnO^ the acid evolves chlorine gas. 



Bromides ( - 'Br).— Use KBr. ■ 

261. AgNO^ when added to the solution of a bromide 
gives a yellamsh white precipitate (AgBr), which is easily 
coagulated by heating or shaking the liquid; it is insoluble 
in HNO3, easUy soluble in KCy and in Na^S^Og solutions, 
and slightly soluble in AmHO; it therefore resembles AgCl, 
but is distinguished from it by its colour. If the liquid is 
decanted and the precipitate is heated with strong HjSOj, 
no violet vapour will be evolved as is the case with Agl. 

262. Sohd KBr when heated with strong HjSO^ gives off 
acid fumes (HBr) and reddish brown vapour of Br; this 
vapour somewhat resembles CI in smell and in bleaching 
power, but differs Irom it in colour. Bromine vapour also 
has the power of staining cold moist starch orange red; the 
starch powder may be taken up on the wetted end of a 
glass rod, and moistened by breathing upon it several times. 
If MnO^ is mixed with the KBr powder before adding 
HjSO,, the Br is evolved in greater quantity and more 
readily (259). 

263. Chlorine water, or CaCl^O solution acidified with HCl, 
if added carefully drop by drop to the solution of a bromide, 
liberates Br, which colours the solution orange red; exoees 
of CI must be carefully avoided, since it combines with the 
Brand destroys its colour: KBr + Cl = Br+ KCl. 

On warming a part of this solution, reddish brown Br 
vapour is given off, wbich stains cold moist starch oranye 
red (262). " ■" 



264, 266.] GBOUP IV.— IODIDES. 151 

If CSg is added to another portion of the solution of Br and 
the liquids are well shaken together, the Br will be dissolved 
away from the water by the CSg, and on standing the 
reddish brown CSg solution will sink beneath the colourless 
water; on adding a little EHO solution and again shaking the 
liquids up together the colour of the Br will disappear from 
the CSg ; this is due to the formation of the colourless salts 
KBr and KBrOg, which remain in solution in the water : — 

6Br + 6KH0 = 6KBr + KBrOg + 3H2O 

264. If an intimate mixture of solid KBr and EgCrgO^ is 
heated with strong HgSO^ (260), it will evolve reddish brown 
bromine vapour : — 

6KBr + KaCrgOy + llHgSO^ = 3Br2 + 02(804)3 + 8KHSO4 + 

7H2O. 

K the Br vapour is passed into water it will colour it red- 
dish brown ; CS2, if shaken up with this brown solution, will 
dissolve away the Br and settle beneath the colourless 
water as a brown layer ; on shaking the brown solution in 
water or in CSg with AmHO or KHO, the colour of the solu- 
tion will be destroyed. This reaction serves to detect a 
chloride in the presence of a bromide. 

JB^drogen bromide, or hydrohromic add (HBr), is a gas 
resembling HCl; its solution diflfers by evolving Br vapour 
when it is heated with MnOg . 



Iodides ( - 1). — Use KI . 

265. AgNO^ when added to the solution of an iodide, 
gives a yellow precipitate (Agl), which is easily coagulated 
by heating or by shaking the liquid : it is insoluble in 
HNO3 and very slightly soluble in AmHO, but is easily 
soluble in KCy and in Na2S203 solutions. 

This precipitate diflfers from AgCl and AgBr by its colour 
and by its slight solubility in AmHO, but more particularly 
by its behaviour when heated with strong HgSO^. If the 
liquid is decanted from the precipitate, and the precipitate 
is then heated with strong H2SO4, the acid becomes (iolcwcc^^ 
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red, and violet vapour of iodine ia seen on looking down 
the tube ; the colour is most distinctly aeen after tlie tube 
has been allowed to cool for a short time. Even traces of 
iodine vapour may be detected by holding in the tube a 
glass rod which has been dipped into freshly made starch 
solution, the starch will be coloured blue. 

The etarch solutioii is made by throwing a littU starcli powdar into 
water boiling in a small porcelain dish, boiling for a few seconds and 
then CDohug the solution. 

266. Cv^'?0^, obtained by mising CuSO^ solution with \ 
HgSOg or with FeSO^ solution, gives in the solution of aa i 
iodide a white precipitate (Cu^Ig) ; gentle warming, or I 
partially neutralising the iree acid by AmHO, will cause this \ 
precipitate to form more quickly : — 

2CuS0^ + HjSOg + HjO = Cu^SOi + SH^SO, 
2KI + CuaSO^ = Cujlj + K^O^ . 

If this precipitate is separated by decantation or filtratitm, I 
imd is then warmed with strong IL^SO^ the acid beoomea I 
red and violet iodine vapour is evolved. 

Solutions of chlorides and bromides are not ptecipitat«4'l 
by CuaSOj . 

267. If a solid iodide is warmed wit!i strong HjSO^, acid | 
fumes (HI) and violet iodine vapour will be evolved ; if the 4 
iodine vapour is large in quantity, itwUl condense on the inside J 
of the tube aa a black solid ; this vapour colours starch solution I 
blue, aa may be proved by holding in it a rod or strip of paper.'i 
moistened with freshly made starch solution, or by pouring'l 
the heavy fiimea out into a white porcelain dish, the inside I 
of which has been wetted with the starch solution. lodine.l 
is more readily and plentifully evolved if MnO^ is mixed|| 
with the iodide before adding H^SO^ (259). 

368. Chlorine water, or CaCl^O solution acidified with 
HUl, added carefully drop by drop to the solution of an 
iodide sets iodine fifee, which dissolves in the water giving a 
brown liquid; addition of CI in escesa must be carefully 
avoided, as it would form IClj, which is colourless and doe* , 
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not give the following reactions. Divide this brown liquid 
into three parts. 

Heat one part; violet iodine vapour is given oflfand is 
best seen by looking down the mouth of the tube at a white 
surface. The colour is most distinctly seen if some strong 
HjSO^ is added to the liquid before heating it. If a glass 
rod is dipped into starch solution and held in the vapour, 
the starch becomes blue. 

To another portion add starch solution, an intense blue 
colour is produced which ofben appears black imless much 
starch solution is added and the liquid is largely diluted; 
on warming the solution it becomes colourless, but it often 
regains its colour on being cooled. The solution must be 
diluted and the starch added in excess, to insure the removal 
of the colour by heat. 

To the third portion add a drop of CSg and shake well ; 
the CSg dissolves the iodine and gradually forms a beautiful 
violet layer beneath the water. Add a little KHO solution 
and shake the liquids together, the violet colour of the CSg 
will disappear owing to the formation of the colourless salts 
KI and KIO3. 

269. If a little KNOg is dissolved in the solution of an 
iodide and any dilute acid is added, HNOg is produced 
and liberates the iodine. A solution of N2O4 in dilute 
HgSO^ also sets free iodine from Kl (546. 4). The iodine 
thus liberated in solution may be identified by the three 
methods described in (268), of which the starch and the 
CSg tests are the most delicate. 

These two reagents for liberating iodine have the advan- 
tage over CI that they do not hinder its detection if they 
are added in excess ; they are also useful because they do 
not liberate Br from its compounds. 

270. HgCl^ solution gives with the solution of an iodide 
a scarlet precipitate (Hgig), which is easily soluble in excess 
of HgClg or of the iodide ; with a solution of a bromide or 
chloride HgClg gives no precipitate. 

P6^2 gives with the solution of an iodide a bright |/cli<yu) 
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precipitate (Pblj) ; with the solution of a bromide or a 
chloride it gives a white precipitate. 

Hydrogen iodide, or kydriodic add (HI), ia a gas resembling 
HCl and HBr ; ita solution differs by evolving iodine when 
it is heated with MnO„. 



271. A cMoride, bromide, or iodide, is easily detected by 
the foregoing tests. The reactions given in par^;raphs (259) 
and (260) are perhaps the moat oharacteriatic tests for a 
chloride, those described in (262), (263) and (264) for a 
bromide, whilst an iodide ia detected with the greatest ease 
and certainty by reaction (269). 

The colour of the precipitate produced by AgNOg in the 
solution made acid with HNOg, and its behaviour with 
AmHO, though leas trustworthy than the above teats, serve 
to indicate which of these acid-radicles is present ; AgCl 
being pure -while and very easily soluble in AmHO, AgBr 
being pale yellmo and not readily soluble i 
Agl {^primroK yellow and almost insoluble ii 
action of hot strong HjSO, on Agl, which i 
paragraph (265), is also distinctive. 



:i AmHO, whilst 
n AmHO. The 
3 described in 



Detection of a chlohide, bbomidb and iodide. 

272.* The method of eiamination varies according to 
whether an iodide is present or absent. Since a chloride 
cannot be detected in the presence of an iodide, the latter 
must be separated before proceeding to examine for the 
chloride (273. 1). In paragraph (274) a process is given for 
detecting an iodide and bromide; it is of value only when a 
chloride has not to be tested for, 

273.* To a small portion of the solution, made just acid 
if necessarj' by the addition of dilute H^SOj, add a little 
cold freshly prepared atarch solution; then add drop by 
drop strong HNO3, or one of the reagents mentioned in 
(269) ; the appearance of a dark blue coloration will show 
the presence of an iodide. The remainder of the solution is 
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examined for a chloride and bromide by the directions given 
mider 1 or 2, according as an iodide is present or absent. 

1. An iodide is present — ^Add to the solution a reagent 
consisting of a mixture of CuSO^ solution with half its 
measure of strong H2SO3 solution and warm gently for a 
short time, CU2I2 "^iU he precipitated (266). In order to 
be sure that the iodide is entirely precipitated, a small 
quantity of the liquid must be filtered and warmed with a 
httle more of the above reagent : if any farther precipitate 
is caused, the filtered portion is returned to the unfiltered 
liquid, more of the reagent is added to the whole, which is 
then warmed for a time and again tested as above to see if 
the precipitation is complete ; these trials are repeated until 
a small portion of the filtrate gives no further precipitate 
when it is warmed with more of the reagent. 

The whole is then filtered until it is perfectly clear, KHO 
is added in excess to the filtrate and the liquid is boiled. 
The precipitate thus produced is filtered off and the filtrate, 
now freed from iodide, is tested for bromide and chloride 
as is directed below (2). 

2. Iodide is absent — ^Make the solution alkaline, if it 
is not already so, by the addition of pure KHO and 
evaporate it to dryness in a porcelain dish; scrape the 
residue off the sides of the dish and mix it with three or 
four times as much powdered KgCrgO^ by rubbing the two 
substances together in the dish with a pestle (260). 
Transfer this mixture into a tube or flask (page 138), taking 
the greatest care to let none of the powder enter the 
delivery-tube. Then pour in sufficient strong HgSO^ to 
cover the powder to the depth of about a quarter of an inch, 
at once insert the cork and dip the end of the delivery-tube 
into water contained in a test-tube. Mix the acid and powder 
by cautious shaking and warm the mixture gently, carefully 
guarding against allowing any of the mixture to get into the 
delivery-tube and thence into the water in the test-tube. 

As soon as no more reddish brown vapour is visible in 
the delivery-tube, discontinue the heating and immediately 
withdraw the test-tube. If no coloured vapour li»a \i^"ea 
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evolved and the water in the test-tube is colourless, chloride 
and bromide are absent. If the water is coloured, pour 
into it sufficient CSg to form a layer at the bottom of the 
tube about as large as a small nut; close the mouth of 
the tube with the thimib and shake vigorously: if the CSg 
on settling shows a brown colour, the presence of Br, derived 
from a bromide, is shown. 

Separate the water from the CSg by pouring it through a 
wet filter, add to the filtrate AmHO in excess, then HA in 
excess and PbAg solution. A yellow precipitate indicates 
the presence of a chromate, which proves indirectly that a 
chloride was present (260). 

273a.* The above method will also serve for the examina- 
tion for chloride, bromide and iodide in the precipitate 
obtained by adding AgNOg in excess to a solution. The 
precipitate is dried, and then fused for about ten minutes in a 
porcelain crucible with three or four times its bulk of fusion 
mixture ; the cool mass is boiled with HgO for some time 
and filtered, and the filtrate is examined as is directed in 
(273). 

274.* If only an iodide and a bromide have to be tested 
for, pour sufficient CSg into the solution to form a laige 
drop at the bottom; add drop by drop dilute chlorine 
water, or acidified CaClgO solution, shaking thoroughly 
after each addition: iodine will be liberated if an iodide is 
present and will colour the CSgpi^rp/e, but on continuing the 
addition of CI this colour will be destroyed; the presence 
of a bromide may then be detected on the further addition 
of CI by a brown coloration of the CSg, which also disappears 
if too much CI is added. 
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GROUP v.— PHOSPHATE GROUP. 

Phosphates and arsenates resemble one another closely in 
many of their reactions; they present points of difference, 
however, which render their distinction possible. 



Phosphates ( - '"PO4).— Use Na2HP04.12H20. 

275. MgSO^ solution, to which some AmCl has been added 
and then a little AmHO, gives with the solution of a phos- 
phate a white crystalline precipitate (MgAmPO^.GHgO): 
this precipitate is almost insoluble in AmHO, but is easily 
soluble in acids. If very little phosphate is present, the pre- 
cipitate often appears only when the liquid has been gently 
warmed, then well stirred or shaken and allowed to stand 
for some time. 

276. Fe<filQ solution, if dropped in after the addition of 
a little HA and NaA solution, gives a yellowish white pre- 
dpitate of Fe'^'PO^: the precipitation is hastened hj gentle 
heat. 

277. A drop of phosphate solution when added to a solu- 
tion of AmHMoO^ in HNO3 gives a yellow precipitate : the 
formation of the precipitate is hastened by gently warming 
and stirring or shaking the liquid, but it often appears only 
after a time : a part of it usually adheres firmly to the in- 
8ide of the tube, and may be removed by KHO, NaHO, or 
AmHO solution, in which it is readily soluble; it is only 
slightly soluble in inorganic acids, and is practically in- 
soluble in HNO3. 

This test if properly performed is most delicate, but careful atten- 
tion must be paid to the following precautions. 

The AmHMo04 solution must be prepared according to the direc- 
tions given in (652, remark 40). 

The solution to be tested must not be alkaline to test paper, 
it is best made distinctly acid with HNOg; it is then to be added 
m ymaXl qiiantUy only to some of the AmHMo04 solution in a test- 
tube, more being added if no yellow precipitate forms after a few 
minutes when the liquid has been ge^itly warmed and stirred. 



Tliis last precantion is extremely inipoi-tant, smce an excess of phos- 
phate altogether prevents tltt/ormalion of the precipitate. 

Show that this is tho case by pouring a few drops of AmHMoO^ 
solution into some Ko^HPOj aolation aoEdified with HNOji no 
precipitate will form even on hoating and shaking the lii^uid, sinco 
the phoEphate ia present iu large quantity as comparod with the 
AmHMoO, ; but Oft adding a few drops of this liquid to same fresh 
AtuHMoOj solution the precipitate will appear. 

It mvsi also be remembered that HCl retards or prevents the 
formation of this precipitate ; a solution in nitric acid should thetefot* 
alwaj's be used when possible. 

278. AgNO^: yellow precipitate (Ag^POj) : pour off a 
portion and show that the precipitate ia soluble in AmHO 
and in HNO3. 

278a. A very delicatB test for the presenca of P in the form of a 
phosphate or otherwise, consists in strongly heating the dry solid anh- 
stsnce with a. small piece at Na in a little tube of hard gloas dosed at 
one end: on breaking the tube aud breathing upon the powdered 
substacce a small of onions (HjP) will be perceived. 

If a phoepbato is made into a paste with strong H,SOi and heated 
strongly at the tip of tho inner blowpipe flame, it gives a bluiah green 
colour to the flame. 

Many phosphates when they are moistened with Co(NOj), and 
heated in the outer blowpipe flame become blue. 

Hydrogen phoapAate, or pliospluyric add (H3PO4), ia a 
colourless crjstaUine snbatancej its solution is strongly 
acid, but differs from H^SO^ by not charring paper which 
has been dipped in it and dried by heat; its presence may 
be confirmed by reactions (275, 277). 



Arsknateb ( — '"AbO,). — Use NajHAsO^.lSHjO solution. 

279. The precipitates formed in reactions (275, 276, 277) 
with a phosphate are precisely similar in appearance and 
general properties to those formed when the same reagents 
are added to an arsenate. The precipitate, however, which 
AgNOj ^ves with an arsenate is hrovm, whilst that given bj 
a phosphate is yellow; also AmHMoOj gives a precipitate 
with an araenate only on boiling the liquid and not by 
gently heating it as with a phosphate. 



J 
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280. The following differences serve to detect and separate 
a phosphate and an arsenate : — 

1. The fact that an arsenate yields a precipitate with 
AmTTMoO^ only when the liquid is boiled, whereas the 
correspon<Ung precipitate with a phosphate is produced by 
a gentle heat 

2. An arsenate solution which has been boiled with strong 
HCl gives, when HgS is passed into the hot liquid, first a 
white precipitate of S and then yellow AsgSj ; a phosphate 
solution under the same circumstances gives no precipitate. 

3. In a perfectly neutral solution AgNOg gives with an 
arsenate solution a &rot/m precipitate, and with a phosphate 
a canary yellow precipitate. 

281. The simplest method of ascertaining which of these 
two a^dd-radides is present is to throw the precipitate, pro- 
duced on addition of AmCl, AmHO and MgS04, ^V^^ ^ 
filter, wash it with a little cold water and- drop AgNOg 
upon it: if the precipitate consisted of MgAmAsO^ it will 
become brown, if it was MgAmPO^ it will become canary 
yellow. 

Or the precipitate produced by the addition of AmCl, 
AmHO and MgS04 may be examined for arsenate by dis- 
solving a part of it in dilute HNO3, adding AgNOg as long 
as it causes any white precipitate and then very dilute 
AmHO gradually drop by drop; if arsenate is present a 
hrown precipitate will form just before the liquid becomes 
alkaline to test paper : a phosphate will give a yellow pre- 
cipitate. Instead of mixing the dilute AmHO with the 
acid liqiiid it may be gently poured in upon the top of it, 
when the colour will appear at the surface of contact. 



Dbtbotion of an arsenate and a phosphate. 

282t* AmCl, AmHO and MgS04 are added as long as 
any farther precipitate is caused : a small portion of the 
precipitate is then filtered off and tested at once for an 
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arsenate by dropping AgNOg solution upon it. If the pre- 
cipitate turns yellow, a phosphate alone is present. If the 
precipitate turns brown an arsenate is present and must be 
separated from the other part of the precipitate before test- 
ing for a phosphate. 

The rest of the precipitate is accordingly filtered off 
and dissolved in a little boiling strong HCl; HgS is 
then passed for several minutes into this hot solution, 
when the presence of an arsenate is confirmed by the 
precipitation of white S and yellow AsgSg : the precipitate 
is filtered off and HgS is again passed into the boiling 
filtrate; if any further precipitate is produced, the gaa. 
must be further passed until it no longer causes a pre- 
cipitate; the clear filtrate is then evaporated just to dryness 
dissolved in a little dilute HNO3 and tested for a phosphate 
by adding a few drops of it to AmHMo04 solution and 
gently warming the liquid (277). 

An arsenite may be tested for by acidifying the filtrate 
from the Mg precipitate and passing HgS into it: yellow^ 
AsgSg will be precipitated at once if an arsenite is present. 
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VI.— UNGROUPED ACID-RADICLES. 

The following acid-radicles present no marked resem- 
blances to one another or to other acid-radicles in their 
reactions; they are therefore usually detected by special 
tests. 

Borates ( - 'BOg, or - "'BOg).— Use NaJ^fi^AORfi . 

288. Powder some borax finely and stir it with a little 
dilute HCl on a watch glass; immerse the lower half of a 
strip of turmeric paper in this liquid and dry it on a watch 
glass in the steam-oven or on a water-bath, or above a small 
flame: the part which was moistened will appear reddish 
hrowrij and will become bluish hUick when moistened with 
AmHO. 

284. Pour methylated spirit upon some finely powdered 
borax in a test-tube or porcelain dish, add a little strong 
H2SO4, then heat the mixture and kindle the spirit; the 
flame will show a green edge, which is often beat seen by 
blowing the flame out after it has burnt for a time and 
then relighting it. This flame coloration is similar to that 
given by certain other substances, but its spectrum, consist- 
ing of three or four equidistant green lines, is quite charac- 
teristic. 

285. If a mixture of CaFg and KHSO4 with borax or boric 
acid is finely powdered, moistened, and heated on a loop 
of platinum wire in the inner blowpipe flame, it colours the 
outer flame momentarily green after being heated for a 
short time. This test is not alwajrs decisive, since many 
phosphates and copper salts give a similar result ; it is also 
liable to be masked by the flame colorations of other sub- 
stances. 

Hyd/rogen borate^ or boric acid (HBOg), is a white porous 
mass; when combined with 2H2O it forms a crystalline 
scaly hydrate ; these substances when strongly heated yield 

1^ 



A fusible glass consiating of BjOg. The solution of the acid 
turns litmus paper wine red. ReactionH (283, 28i, 285) 
serve to detect boric acid. The acid ia soluble both in H^O 
and in alcohol ; on evaporating these solutions, the acid 
partially escapes with the vapour of the hquid. _ 



Chromateb ( - "CrOJ,— Use KjCrjOj. ^M 

All chromatea ate more or less yellow or ted in colour. The yoUow 

solution of a normal chxomate becomes orange red on the addition of 

AD iicid, owing to tlie formatiau of a ilichroniate : while the reddish 

aolntion of a dichromate becomes pale yellow when made alkaline, 

a normal chromate. 



286. Various substances which readily combine with 
oijgen, deoiidiae acidified KjCr^O,. solution with production 
of a chromic salt, the colour of the solution at the same 
time changing from orange red to bright green,. 

Show tbis by adding HCl or H^SO^ to some KjCr^O, 
solution, and deoxidising each of five portions by one of the 
following methods ; in every case the colour of the liquid 
win change to bluish green : — 

a. Pass HjS into the hot solution; white S separatfli^l 

owing to oxidation of tlie hydrogen. 

b. Add JS^aHSOg or B^O^ and warm. 
c Add idcohol and boil : the smell of aldehyde will i 

noticed. 

d. Boil for some timej after adding much strong HClV 

CI gas will be slowly evolved. 

e. Add Zn and warm : the action of the nascent H y 

be slow in this case. 
The following equations show the reactions which t 
with HjS and with HCl :— 

KgCrjOj + 3H5,S + 8HC1 = CrjClj + 2Ka + TH^O + Sg. 
KjCr^OT + 1 4HC1 = CrjClo + 2KC1 + THjO + 3 ~ 
The equations representing the other procesaes of dooxJi 
tion may bo drawn out by the student. 

The green solution resulting from the above reaotiral 
will give all the reaetions for a chromic salt (102-lOi) ; a 
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since chromic acid is reduced by boiling HCl and by HgS to 
chromic salt, the presence of a chromate will lead to the pre-' 
cipitation and detection of CrgHgO^ in the ordinary course 
of analysis. 

286 a. Hydrogen peroxide (HgOg), or barium peroxide 
(BaOg), if added to a cold acidified solution of a chromate, 
produces an intense blue coloration, which is very evanescent : 
it is far more permanent if ether is first added and the liquid 
is vigorously shaken immediately after the addition of the 
peroxide, when the ether assumes and retains a blue colour ; 
addition of a few drops of strong HNO3 is useful. Thia 
reaction is extremely delicate and characteristic. 

287. AgNO^: purple red precipitate (AggCrO^): soluble 
in AmHO and in HNO3. 

288. PhA^: yellow precipitate (PbCrO^): soluble in 
EHO, insoluble in HA. 

289. BaCl^: yellowish white precipitate (BaCrO^): in- 
soluble in HA, soluble in HCl. 

Hydrogen chromcLte^ or chromic add (HgCrO^?), is present 
in the reddish yellow liquid produced by dissolving CrOg in 
water and by acidifying a solution of a chromate. Its 
solution evolves CI and becomes green if boiled with HCl ; 
when neutralised by an alkali it becomes yellow and yields, 
the above reactions for a chromate. 



SiUGATES ( - "SiOg). — Use NagSiO, solution, and finely 
ground sand (SiOg) for a solid. 

290. HCl added drop by drop to a solution of a silicate- 
whilst stirring or shaking it, will give a gelatinous precipitate 
of H^SiO^, unless the solution is very dilute ; the silicic acid, 
however, frequently remains in solution, hence the non-appear- 
ance of a precipitate is no proof of the absence of a silicate. 

The solution of silicate used for these reactions is made of such a 
strength that acids do not cause a precipitate in it ; but by hoiling 
some of it down to a quarter of its volume before adding the acid the- 
precipitate is usually obtained. 



291. If a Btlicate is present in Bmoll quantity, or in 
dilute solution, it may be detected by acidifying tbe solution 
with HCl, then evaporating it to dryness in a porcelain dish, 
and heating the residue to 100° as long as acid fmnes come 
off : insoluble SiO^ is thus produced, and will remain 
undissolved as a white powder when the dry residue is 
stirred and warmed with strong HCl. 

During the list part of the evaporation over a flanie, after the silica 
has separated as a gelatinous mass, spirting will occur unless the beat 
is lessEncd and tiie residue is stirred with a glass rod : this is beat 
avoided hj jinishing the evaporation upon a water-bath as soon as the 
liquid thickens. The SiOj which is left undissolved by HCl, a soon on 
stirring the liquid and at once pouring it oat into a glass vessel ; it 
is soluble in hot KHO solution. 

292. AmCl, or A-m^COg, causes a gelatinous precipitate of 
HjSiO^, which usually forms only after a time. 

298. If solid SiOj or a silicate is fused into a bead of 
NajCOj, it causes frothing which is due to the evolution of 
IJOj :— NajCO^ + SiO^ = CO^H- NajSiOj. 

294. When SiO^ is fused into a bead of NaAmHPO^ it is 
uot dissolved, but fioats about in transparent particles ; 
iLud it is visible as little opaque masses in the cold bead. 
The particles of SiO„ are usually most easily visible whilst 
they are in motion in the fused bead. 

Certain silicates, if moistened with Co(N03)] and !ieat«d on charcoal 
in the outer blowpipe flame, become blue. 

Hydrogen tilicaU, or silicic acid (H^SiO,), can exist in 
solution in water, and has a slightly acid reaction; it is 
ordinarily met with, however, as a coIoutIbbs gelatinous 
substance which does not afTect the colour of litmus, and 
is insoluble in water, very slightly soluble in acids, but 
dissolves as an alkaline silicate iu solutions of the aUcalis 
or alkaline carbonates. When strongly heated it yields a 
white insoluble powder (SiO^), which gives reactdons (293) 
and (294). 
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Fluohidbs ( - 'F). — Use finely powdered CaFg. 

The ordinary tests for a fluoride depend upon the liberation of 
hydroflnoric acid, which is allowed to act upon a glass surface and to 
etch or corrode it 

295. If strong ff^/^O^ia warmed with a httlejineli/potffdered 
CaFg in a test-tube it liberates HF ; this acid etches the 
glass and caiises the sides of the tube to throw off the liquid 
when it is shaken up, as a greasy surface throws off water. 

On washing away the cooled mixture and perfectly drying 
the inside of the tube, it will be found to be dimmed and 
roughened : gentle fiiction with a glass rod will often detect 
the rough surface even when it is not perceptible to the 
eye. 

The etching, if slight, is best seen when the surface 
is breathed upon, or when the glass is so held as to observe 
its surface by the light it reflects. 

296. The test is much more delicate if it is carried out 
as follows. 

A watch glass is carefully heated by holding it in crucible 
tongs at some distance above a flame ; its convex surface is 
then rubbed with a piece of parafl&n wax, and is thus covered 
with a melted layer ;. this layer may be made uniform by 
once more heating the glass, allowing any excess of wax to 
drop off, and keeping the glass moving whilst it cools ; the 
coating is finally hardened by immersion for a short time in 
cold water. 

lines or characters are then traced on the glass towards 
its centre by gentle pressure with the point of a penknife, 
the object being simply to remove the wax from these 
parts and not to scratch the glass. 

The glass thus prepared is placed with its coated surface 
downwards as a cover to a platinum crucible or small leaden 
cup, which contains a little finely powdered CaFg and some 
strong H2SO4. After pouring some cold water into the 
glass to keep it cool, the bottom of the vessel is heated by a 
very small flame, and the covered vessel is allowed to stand 
for about fifteen minutes. 



The watch glass is then removed, and cleansed by hold- 
ing it with crucible tonga above the flame and quickly 
wiping off the melted was : od the clean bright surface thus 
obtained the traced lines will usually be visible at once on 
holding the glafw up to the light, but if mere traces of a 
fluoride were present the tracing will become visible when 
the cold surface is breathed upon. 

297. The above methods do not serve for the detection 
of a fluoride in the presence of a silicate or of sdica, smee 
imder these circumstances the action of H^SOj hberates 
SiK, instead of HF. 

SiF, posaeaaea no power of etching glass, but it produces 
white fumes in moist air, and when it is passed into dilute 
AmHO it yields a colourless flocculent precipitate of H,SiO, 
and produces AmF in the solution: the formation of this 
precipitate is sufficient proof of the presence of a fluoride ; 
but after it has been filtered off the AmF may also be 
detected in the filtrate by adding CaClj, filtering off the 
precipitate of CaFj, and drying and examining it by (296). 

The above method is sometimes employed for the detec- 
tion of a fluoride after intimately mixing Si02 with the 
substance to be tested. 

Use for this purpose a mixture of CaFj and SiO^ and 
drop a small piece of marble into the tube in which the 
yiF^ is being evolved, in order to produce COg which will 
carry that gas over into the AmHO solution. The changes 
which occur are thus expressed by equations : — 

aCaPj + SiOj + 2HjS0, = SiF^ + 2HjO + 2CaS0,. 
SiF, + iAmHO = HjSiOj + 4AmF. 

298. CaCl^ when added to the solution of a fluoride gives 
an almost transparent gelatinous precipitate (CaFj), which 
becomes more visible when the liquid is heated or when 
AmHO ia added : it is slightly soluble in HCl, but almost^ 
insoluble in HA. 

Solution of NaF may be prepared for this reaction 1 
fusing a mixture of powdered CaFj and fusion-mixture 
platinum foil for several minutes; then boiling the cool d 
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on the foil in water, filtering, and acidifying the filtrate 
with HA. 

Hydrogen fluoride, or hydroflwyric add (HF), is at ordinary 
temperatures a colourless gas which fumes in the air, etches 
A moist glass surface and dissolves easily in water. The 
solution of HF is acid in reaction and differs from all other 
acids by dissolving SiOg. 



Fluosilioatbs ( - "SiFg).— Use H^SiF^ 

299. BaCl2: white precipitate (BaSiFg) which usually 
appears only on gently warming the solution, and differs in 
this respect from BaS04 : it differs from BaSeO^ (493. 7) by 
being only slightly soluble in boiling HCl ; it is insoluble 
in alcohol. AUow this precipitate to settle and reserve it 
for reaction (301). 

The above precipitate somewhat resembles BaS04 hy being rather 
insoluble in HCl, but it differs in appearance by being more or less 
transparent and crystalline : but fluosilicates differ also from sulphates 
by giving no precipitate with Sr(N0s)2 or with Pb(N08)2 J further 
when heated with excess of AmHO they yield a flocculent precipitate 
of H4Si04 and AmF in solution (297) ; fluosilicates differ also from 
sulphates by the following very distinctive reactions. 

300. KCl solution when warmed with the solution of a 
fluosilicate gives a very transparent gelatinous precipitate 
(KgSiFg), which is only visible after it has been allowed to 
settle for a time ; it is insoluble in alcohol. 

301. If strong HgSO^ is added to HgSiFg solution, or to a 
fluosilicate, and the mixture is heated, HF is given off and 
may be detected by its etching action on glass (296). 

This reaction is especially useful for ascertaining whether 
a precipitate produced by BaClg consists of or contains 
BaSiFg. For this purpose the precipitate from (299) is 
allowed to settle ; almost all the water is then poured off, 
the remainder is shaken up with the precipitate and at once 
poured into a watch glass ; the rest of the water is then " 
decanted, and the precipitate which remains on the ^laaa ^& 



168 FLUOSILICATES. [SOl. 

warmed for some time with strong H2SO4; on washing and 
drying the glass, it will be found to be corroded (295). 

When the more delicate process (296) is employed, the 
precipitate should be shaken up with the liquid and poured 
off into a platinum crucible or leaden cup; the liquid is then 
decanted, and the precipitate is warmed with strong H^04 
as is described in (296). 

The processes of filtering off and drying the precipitate 
may be substituted for decantation, but they are less 
rapidly executed. 

Hydrogen fluodlicate^ or hydrofluosilidc add (HgSiF^), 
is a strongly acid liquid, which volatilises entirely as 
2HF + SiF4 when it is heated in a platinum vessel: if this 
acid is evaporated in a watch glass, the glass is etched : it is 
precipitated by KCl and by BaClg (299, 300). 
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REACTIONS OF ORGANIC ACID-RADICLES. 

The following acid-radicles, although usually classed 
amongst organic compounds, are included here because they 
are of frequent occurrence and their detection is usually a 
matter of little difl&culty. 



VII.— CYANIDE GKOUP. 



The simple and complex cyanides contain a group of 
elements (CN) known as cyanogen. They yield precipitates 
with AgNOg, and evolve HON when they are heated with 
dilute HgSO^. Many of their salts also evolve NH, when 
they are heated in the solid state. 



Cyanidbs ( - 'Cy). — Use KCy solution. 

The alkaline cyanides smell faintly of bitter almonds, owing to the 
escape of HCy. 

803. AgNO^: white precipitate (AgCy^, most easily 
ohtained by pouring a drop of the KCy solution into the 
AgNOg solution: show with three separate portions that 
this precipitate is soluble in ECy solution added in excess 
and in AmHO, but insoluble in dilute HNO3. 

If some of this precipitate is filtered ofif and well washed with hot 

water until HCl causes no milkiness with the last few drops of the 

washing water, then dried, scraped from the filter into a porcelain 

emdble and heated strongly, Ag is left : if this residue when cool is 

wanned with a little'dilute HNO3, it dissolves giving off red fumes, and 

a drop of HCl added to this solution gives a curdy precipitate of AgCl. 

This reaction distinguishes AgCy from AgCl, AgBr and Agl, which 

like it are precipitated by AgNOj and are insoluble in HNOg, since 

these when dried and strongly heated, fuse without undergoing 

decomposition ; hence HNOg cannot dissolve out Ag, and HCl added 

to the HNOj gives either no precipitate or a mere milkiness, due to 

the unperfect washing of the precipitate. 

"niig method is somewhat tedious and need seldom be used, cyanides 
"®Jiig readily detected by the following reactions. 



304. If some FeSO^ solution is mixed with several drops 
of FegClg and added to a solution of a cyanide, and the 
liquid is then made Btrongly aUtaline with. KHO and 
boiled , th en cooled and acidified with HCl, Prussian b!ve 
(Fe"'^Cfjj) is formed; this will appear as a deep blue precipi- 
tate, or if tlie quantity of cyanide present was small, it may 
remain dissolved giving a bluish green solution. 

If no cyanide had been present, the addition of HCl 
would have produced an almost colourless and perfectly 
clear liquid. 

305. If dilute H^SO^ is added to a cyanide contained 
in a test-tube fitted as is shown on page 138, and then a 
small piece of marble is dropped in and the liquid is boiled, 
HCy will be carried over by the COj gas ; if the gas is 
allowed to bubble through some AnigS solution, AmCyS will 
therefore he formed. 

This substance gives with FojClg a blood red coloi'ation 
(315), which may he obtained by boiling the Am^S solution 
in a porcelain dish and acidifying it when cool with HCl; on 
adding several drops of Fe^Cl^ the red colour is well seen 
against the interior of the white dish ; this proves that HCy 
has passed into the Am^S, and therefore detects the presence 
of a cyanide. 

A little of this rM liquid should be added, to some HgCI, aolution ; 
if the red colour is deetrojed it was certainly due to the presence of 
a. aulphoc^nidc. 

On adding HCl to the AiOjS iu the above reaction, white S wiU 
separate, unices the yellow liq^uid has been previously boiled in a 
panfelain disk until it becomes coIoutIfsr, filling in distilled water u 
it evaporates ; bat this separation of S is advantageous, ainre ite 
whittmesa helps to show-up even a faint reddish tint iu the liquid. 

The marble is added to cause evolution of CO, gas, and thus lessen 
the risk of the Am^S being sucked back daring the reaction. 

806. The preceding test can often Ire more simply per- 
formed by boiling the solution of the cyanide in n porce- 
lain dish with AnijS, which must be added until the yellow 
colour remains after the liquid has been boiled for a short 
time : if a dark-coloured precipitate forms, tliis must b^ 
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allowed to settle or be filtered off, before the colour of the 
filtrate can be seen. The liquid is then filtered if necessary 
and acidified with HCl in the porcelain dish; on adding 
FcgClg in small quantity a blood red colour will be pro- 
duced, which is not removed by heat or by the addition of 
a little dilute HCl; it is at once destroyed, however, when 
a few drops of the liquid are added to some HgCla solution. 

Methods (304, 305, 306) are exceedingly delicate tests for a cyanide : 
(305) and (306), if less readily performed than (304), exceed it in 
delicacy. Method (306) is the more easy of the two to perform, and 
(305) is only used in cases where, after boiling with excess of Am^S, 
the filtrate is dark-coloured and therefore the red coloration would be 
invisible. 

HgCy^ does not show the reactions for a cyanide by methods (303, 
304, 305) ; but by boiling with AmgS according to method (306), 
AmCyS is obtained in the filtrate from the black HgS precipitate, and 
will give the red colorationjwith FcaClg. Solid HgCyj when heated in a 
small tube closed at one end also gives off cyanogen gas, which bums 
with a peach-blossom coloured flame. 

Hydrogen cyanide, or hydrocyanic or Prtissic oM (HCy), 
is a colourless, volatile^ inflammable liquid, which smells like 
bitter almonds : it is highly poisonotcs when it is inhaled as 
vapour or swallowed as liquid : it readily mixes with water. 
The acid is easily detected by the tests already given for a 
cyanide. 

Fbreooyanidbs ( - ""FeCy^y—Vse K^FeCyg-SHgO . 

807. Fe^Cl^: dark blue precipitate of Prussian blue 
(Fe^Cfyg) * : insoluble in HCl, soluble in HgCgO^ to a dark 
blue liquid, and changed by KHO into brown FcgHgO^ . 

The solubility in HgO and insolubility in HCl are shown 
by pouring off portions, heating them with HCl and HgO 
respectively, filtering and noting that the filtrate is blue. 

808. FeSO^: light blue precipitate (Fe^KgCfy), which 
becomes darker in colour by oxidation on exposure to the 
^, or on addition of CI- or Br-water, or when warmed with 
HNO, : it is insoluble in HCl . 



^See abbreviations on page 75. 



309. CtiSO^ .■ a chooolate coloured precipitate (Cu"jCfy), 
inaoluble in HA. 

310. AgNO^: white precipitate (Ag^Cfy), insoluble in 
HNOj and in AinHO : when heated with HNOg this precipi- 
tate changes to orange red AggOfy^, which is soluble in 
AmEO . 

Fbriucyakiueh [-"(^eCyJJ.— Use Ks(FeCya)g. 

311. Fe^Cl^: dark green or brown coloration ; no precipi- 
tate is formed, as may be seen by adding much water to the 
liquid. 

312. FeSOi.- dark blue precipitate of Twnbutl'g live 
(Fe'^Ofy^); insoluble in acids: blue colour destroyed by KHO. 

3X8. CuSO^: yellowish precipitate. 

314. AgNO^ ■" orauge coloured precipitate (Ag^Cfyj), in- 
soluble in HNOg, soluble in AmMO. Frequently a white 
residue of Ag^Cfy is left on adding AmHO, showing that 
KjCfy was present in the KgCfy^ solution. 



SuLPHOGYANiDEs ( - 'OyS). — Use KCyS solution. 



A 



315. Fe^Cl^: blood red coloration, but no precipitate : the 
colour is weakened but not destroyed by HCl, but dis- 
appears when the liquid ia dropped into HgOIj solution. 

316. FeiTo- and ferri-cya aides can be found and distiBgaialied by 
their first throe teata, or by the precipitate given by AgNO, in the 
solution acidified with HNO, ; thia precipitate irill have a more or less 
decided orange red colour if a ferricyanide is present ; on filtering 
or decanting, and warming the precipitate with AmHO, white AgtCfj 
will be left if a ferrocyanide was present, and on acidifying the filtrate 
with HNOj ontngo red AgjCfy, will be rejirecipitated. 
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VIII.— OXALATE GROUP. 

The acids and salts containing the three following acid- 
radicles differ from the foregoing by being charred and 
emitting a smell of burning when heated in the solid state ; 
with oxalates, however, these effects are scarcely perceptible. 

If the salt contains K, Na, Ba, Sr, or Ba, the residue 
lefk after ignition will contain a carbonate which will effer- 
vesce with an acid, whereas the original unignited substance 
would not do so. 



Oxalates ( - "CgOJ.— Use Am2C204.2H20. 

817. Strong H^O^ heated with a solid oxalate causes an 
effervescence due to the evolution of a mixture of CO and 
CO2 :— 

Am^CaO^ + SHgSO^ = CO -H COg + 2AmHS04 + HgSO^.HgO. 

The CO is detected by burning with a blue flame when a 
light is applied, and the COg by rendering a drop of lime 
water on a glass rod milky. 

No blackening or charring is produced by strong HgSO^ ; 
oxalates differ in this respect from other organic acids and 
their salts. 

818. CaCl^ or CaSO^ solution^ or lime water, added to the 
solution of an oxalate, gives a white precipitate (CagCgO^), 
which is insoluble in AmHO and in HA, but soluble in HCl 
and in HNOg. 

818 a. Filter off this precipitate and pour upon part of it 
on a watch glass dilute HCl, it will not effervesce ; dry the 
remainder, and heat it to full redness on platinum foil, it is 
tbus converted without blackening into CaCOg, which effer- 
vesces with dilute HCl. 

This is a general test for oxalate of E, Na, Ba, Sr, or Ca; since 
^h of these, when it is ignited, leaves a carbonate, which effervesces 
^th an acid. 



319. An oialate ia the solid state, or in strong solution, 
when heated with MnO^ and H^SO^ evolves COg : — 
Am^CaOi +MnOg 4- SH^SO, = SCOg + MnSO« + 
2AmnSQ^ + 2R.fi 

Siacfi commercial MnOj usually contains some cartionate, it wIH' 
give off COj when treated with H^O,. If the MnO^ ia not known to 
Ija free from carbonate it 13 best to aJd a little H,BOj to aoine of the 
MnOa in a teet-tulie, and heat to boiling ; if CO, ia found in the tube 
by a, glass rod with a drop of lime water on its end, continnn to boil, 
oecaaionally sucking fresh air into the t«8t-tube through a glass tube 
pushed down near to the aurfacB of the liquid ; as aoon as no COj can 
be detected in the tube after boiling for a short time, the liquid being 
still distinctly acid, the AmjCjO, Is added and the mixtare again 
heatfid; COj will be rapidly given off and may be detected by the 
ordinary methods. 



jl 



Hydrogen, oxalate, or oxalic add (HjCjO^.SH^O), when 
heated in a glass tube closed at one end partly eublimes 
unaltered, and is partly decomposed evolviug vapour which 
causes coughing ; it yields reactions (317) and (318). The 
crystals dissolve readily in water t« an acid poisonous liquid. 



TabTBatks (-"CjHjOfl). — For a neutral tartrate use 

KNaT, for an acid tartrate Hgf or NaHT. 
820. A solid tartrate when heated strongly in a tube 
chars, giving off a smell of burnt sugar. 

321. A solid tartrate when heated with strong HjSO, 
rapidly blackens, giving off a mixture of CO, CO3 and SOj. 

322. AgNO^ produces in solution of a neutral tartrate 
a white curdy precipitate (Ag^T), soluble in AmHO and in 
HNOg. Allow some of this precipitate to settle in a test- 
tiibe, and pour off as much of the clear liquid as possible ; 
then pour very dilute AmHO drop by drop into the 
tube, until the precipitate, after being shaken up with the 
liquid, is nearly but jio( quite disBolved ; then dip the test- 
tube into cold water in a beaker, which is slowly heated 
to about 60° ; a brilliant mirror-like film of Ag will be 
deposited upon the interior of the tube. 
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If the liquid is quickly boiled, the Ag deposits as a dull 
black precipitate which does not adhere to the glass, and is 
not characteristic. 

323. CaCl^ precipitates from the solution of a neutral 
tartrate white or crystalline CaT, which often separates 
only after shaking the liquid well and letting it stand for a 
time ; it is soluble in acids, and its formation is retarded by 
the presence of AmCl and other Am-saJts. This precipitate 
when freshly formed is completely soluble in strong cold 
KHO solution, if this is free from KgCOg : on boiling the 
solution the CaT is reprecipitated, but it dissolves again 
more or less completely when the liquid is cold. 

Decant the clear liquid and pour upon the precipitate a 
little very dilute AmHO ; then drop in a small crystal of 
AgNOg and warm careftiUy as in (322). A silver mirror 
will form on the part of the glass on which the AgNOg 
crystal rests. 

324. KCl, or better KA^ if added to tne solution of an 
add tartrate, gives a white crystalline precipitate (KHT), 
which forms slowly unless the liquid is vigorously stirred or 
shaken. If HA is added at the same time, the precipitate 
may also be obtained with neutral tartrates. The precipi- 
tate is soluble in alkalis and in mineral acids, but is almost 
insoluble- in alcohol; hence alcohol is often added to hasten 
the precipitation. 

825. If a few drops of FcgClg solution are added to the 
solution of a tartrate, which is then made strongly alkaline 
by addition of KHO or AmHO, no precipitate will appear. 

The precipitation by alkalis of several other metals, such 
as Al, Mn, C5u, is similarly prevented by the presence of a 
tartrate : this is owing to the formation of a double tartrate, 
^Mch is not decomposed by the alkali. 

Sydn'ogen tartrate, or tartaric add (HgT), occurs in 
colourless crystals which do not alter in the air : they taste 
pleasantly acid, and are soluble in water and in alcohol : they 
^ detected by heating them alone or with strong R^O ^ 



: if disaolred and neutroliBed they also yield the 
reactions in (322, 323). 

AcETATBa { -'C2H3OJ.— U8e NaA.3HjO. 

326. A sohd acetate if strongly heated blackens and 
evolves the vapour of acetone, which poMsesses a peculiar 
smell and bums with a bright flame when kindled. 

327. An ac«tate, when heated with strong H^SO^ evolves 
vapour of HA, which in large quantity is very pungent, but 
in smaller quantity smella like vinegar. If the acetate is 
first mixed with alcohol, then with strong HgSO^, and the 
mixture is warmed, a iVagrant smell of ethyl acetate (EtA) 
is emitted ; this vapour is most strongly amclt when the 
liquid ia shaken after it has cooled for a short time. 

328. FejCl^ added m small quantity to the solution of an 
acetate causes a deep red coloration : if this red solution ia 
made neutral but not alkaline with AjuHO and then boiled, 
all the Fe is precipitated from it aa light brown baaic acetate 
and the liquid becomes colourless. The red colour of the 
solution before being boiled ia changed to yellow by the 
addition of a few drops of dilute HCl, and is in this way dis- 
tinguished from the coloration due to sulphoeyanide (315). 

Hydrogen (Kxtate, or acetic add (HA), is known as glacial 
acetic add; at temperaturea below 17° C. it is a colourless 
crystalline substance which readily melts and emits when 
heated a very pnngent and inflammable vapour : it is 
atrongly acid, and ia completely volatile without decom- 
poaition. Acetic acid diaaolves in water readily, imparting 
its peculiar smell to the liquid in a d^ree depending upc 
its dilution. 



SECTION V. 



ANALYSIS OF SIMPLE SUBSTANCES, CON- 
TAINING ONE METAL AND ONE ACID- 
RADICLE. 



This section may be neglected by a student who is learning the fall 
analytical course. 

T^o metals may occasionally be present, as when an alum or tartar- 
emetic [E(SbO)T] is given for analysis ; also there may be two acid- 
radicles in the liquids given for analysis, since a salt which is insoluble 
in water is occasionally dissolved in an acid : but the student should 
always be informed of this if it in any way complicates the analysis. 
It will not usually do so, since in the most commonly occurring case, 
tliat of a phosphate dissolved in HCl, the PO4 is detected in Group 
III., and accordingly no other acid-radicle is looked for. 

Examples of substances for analysis are given in paragraph (559). 

The numbers in brackets refer to the paragraphs in the text, in 
which tests or processes to be employed by the student are fully 
described. 



Introductory Remarks. 



830. Before proceeding to detect the metal or acid-radicle 
in the solution of a simple substance by systematic analysis, 
it is best to make a few preliminary experiments (333-338a), 
which will generally give some idea as to what substance is 
present) ^d will occasionally detect with certainty the metal 
or acid-radicle, or both of them. 

Even if the composition of the substance has been proved 
t)y this preliminary examination, it is usually best to proceed 
to the next process, which consists in endeavouring to 
dissolve the substance in water or acids (332), if it is not 
^eady in the liquid form : the addition to this solution of 
S^^up-reagents in appropriate succession^ will then deter- 
^lie the Analytical Group to which the metal present 
^longs (339). 
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TABLE OF ANALYTICAL 



Table shomng the Analytical 



Note.— It will be 
observed that there 
are two divisions of 
Groups II. and III. 
In analysis it is usual 
to separate the two 
divisions of Group II. 
from one another, 
after having sepa- 
rated the whole group 
from the remaining 
groups ; the two divi- 
sions of Group III. 
are by some analysts 
precipitated together 
and subsequently se- 
parated ; they are, 
however, often pre- 
cipitated separately, 
and treated as dis- 
tinct groups. 



Metals whose chlorides 
are insoluble in water 
and dilute acids, and 
which are therefore 
precipitated from their 
solutions by hydro- 
chloric acid. 



Group I. 

Hydrochloric Acidf vr 

Silver Group 



[Lead . 
Silver . 
Mercurosum 



1. 



Pb.] 

Ag 

Hg' 



Metals whose sulphides are insoluble in 
dilute acids, and which are therefore 
precipitated from acid solutions by 
sulphuretted hydrogen. 



Group II. 
Sulphuretted Hydrogen Oroup 



.^^ 



i 



Group II.a. 
, Copper Group 
Sulphides insoluble 
in NaHO and in 
AmjS. 



Mercuricum Hg" 

[Lead . . PbJ 

Bismuth . Bi 

Copper . Cu 

Cadmium . Cd 
2. 



( Group n.B 
I Arsenic Group 
Sulphides soluble 
in NaHO and in 
AmjS. 



Tin . 

Arsenic 

Antimony 



3. 



In the preceding Table the metals are classified in their 
analytical groups, each group being headed by its distinctive 
number and name, and by the name of the group-reagent 
which serves to precipitate its members and to separate them 
from those of the succeeding groups. 

After discovering to which of the above analytical groups 
the metal present belongs, it is identified by the properties 
or appearance of the group-precipitate ; then its presence is 
confirmed, if necessary, by special tests made on the precipi- 
tate or on another portion of the original solution* (344-348). 

The acid-radicle, if it has not been already detected during 
the examination for the metal, is tested for in a less sys- 
tematic manner. A few preliminary experiments are first 
performed (335-338a) ; and if these do not detect the acid- 
radicle, it is found partly by a systematic examination, 
which includes that described above for the detection of the 
metal, but more commonly by special tests (349-356). 



* By the original solution is meant the solution of the substance, 
or the substance itself, if a liquid is under analysis, to which no 
agent has been added. 



Sn 
As 

8b 



CLASSIFICATION OF METAIA 
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Classification of the Metals, 



Sf etals which are precipitated as hydrates 
from their solntions containing ammo- 
nium chloride when made allcaline with 
ammonia, or as salphides or hydratei 
when ammonium sulphide or sulphu- 
retted hydrogen is subsequently added. 



Group ni. 

Ammonia and Ammonium 

miphide Group 



I Group IILa. 
Ammonia or Iron 



\ 



Group 



.Group III.b. 
A mtnonium gtd- 
phide or Zinc 
Group 



Aluminium 

Iron 

Chromium 



4. 



Al 
Fe 
Cr 



Zinc 

Manganese 
Mcltel . 
Cobalt . 

5. 



Zn 
Mn 
Ni 
Co 



Hetals whose carbo- 
nates are precipi- 
tated by addition of 
ammonium carbo- 
nate in the presence 
of ammonium chlo- 
ride. 



Group IV. 

Ammonium eariwnato 

or Barium Oroup 



Barium 

Strontium 

Calcium 



£a 

8r 
Ca 



Metals whose solutioiis 
are not precipitated 
by any of the fore- 
going group-reagents 
in the presence of 
ammonium chloride. 



Group v. 
Potoitium Oroup 



Ammonium . KH4 
Potassium K 

Sodium . Na 

Magnesium Mg 



6 



A substance which is insoluble in water and in acids 
is examined according to the special directions in (367- 
370). 

Since in these analyses only one metal and one acid-radicle 
are to be looked for, the examination for the metal is carried 
no further when one metal has been detected with certainty, 
and the examination for the acid-radicle is similarly at an end 
when the presence of one such radicle has been satisfactorily 
proved. It must, however, be understood that substances 
given for analysis are liable to contain impurities, which will 
yield only slight indications; if in the course of analysis, 
therefore, onli/ a slight result is obtained, proceed until some 
substance is detected in larger quantity, entering against the 
slight result. Trace of . 

The separation and washing of a precipitate by decanta- 
tion (30, 31), is recommended whenever it is possible. 

In making the analysis each result must be fully entered 
in the note-book as soon as the experiment has been performed, 
the form of entry being the same as that adopted for the 
directions in the text. 
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DIRECTIONS FOR THE ANALYSIS OF A 
SIMPLE SUBSTANCE. 

The substance given for analysis may be either a solid or 
a liquid. If it is a solid examine it by (331 et seq,) omitting 
(334), if a liquid is to be analysed begin at (334). 



THE SUBSTANCE IS A SOLID. 

331. Make a careful examination of the properties of the 
substance. 

Note its colour. The following are some of the most 
commonly occurring coloured substances : — 

Blue : hydrated cupric salts, anhydrous cobalt salts. 
VeUow : normal chromates. 
Brovmish yellow : ferric salts, PbO. 
Orange red : certain dichromates. 
Red : HgO, Hgla, HgS, Pb.304. 

Oreen : 0203, CUCL2, salts of Ni and Cr. Pale green : ferrouB salt. 
Pink : hydrated cobalt salts. Pale pink, manganoos salts. 
Dark brovm : PbOa. 
Black: SbgSa, CuO, MnOg. FeS. 

White : anhydrous salts of Cu and Fe", and many other powdered sub- 
stances. 

Also try its smell, and observe whether it is in powder, 
crystals, or non-crystalline pieces : carefully write down any 
appearance or property which may strike you on examining 
the substance with the naked eye or with the assistance 
of a lens. 

After noting down the results of this examination, the 
substance is to be powdered as finely as possible. 

If the substance possesses metallic lustre or appearance, 
work as is directed under (366) : if it is not metallic in 
appearance, proceed to ascertain its solubility by the 
directions contained in (332), and according to the result 
thus obtained, conduct the further analysis of the substaDce 
by (333) or by (367). 
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HOLUBILITY OV A HIMPLZ SOLID. 



Bot,UDILITT or Tn« SuBSTAIfOI. 

332, HincB tho method of oxntnination of n nolid lubftauoe 
dopnndn ui>on wlictlior h in wilulilo or inaolublu ia water or 
iifMn, tho following uxptirimuntf aro trioil. 

I'loM a Htnall quantity of tho finelj/ pnwdtred lubBtance 
in a lir'tail tnitUtulM or a iKiiling-tubn, fill the tul>e about 
oun-third with watur, and boat to builinjf : — 




OK. it It iluM n<i( <lkw>lvD •loant Uid boll tt 



br tba prtllml> 
tivriMtilHn 

Dot* tlu sobiaT 
aftUHOIIDla- 
tbm (XM, I.), 
will prcKuwn lo 



: <IUKif : IHil uMa (ha l<iit-tiitM 

twiDfl vltli 111 U, Mill otlr ■ rmh 

nntl<'ii i<r UiD inlMtuiu witb a llttb rtllul* IINiv 

ril(linirtdlai>.lr»il,lv>il. tt dllulo UNO, don nut 

■truufUNOii— 



<li iif UlD ■nl> 



iqi Uw priliinl- 

Ti'rtolliBimloiir 
nf u» tulutlon 
tn II Nd, [WH, 
l,)au<launilna 

ItfurtlMUKlUl 

JVolt, — Batim 
i»<tln|f for 

Mronji III.1 



•{»: nil> 
tlwlwu 

:liUllR« 



4. Tht ivbilime* 
dlimitea. 

Alter gMmlnlni 
■ unrtlun iif llw 

bji lh« pnllni- 

uiilllDIMUa) 

wid'lIU mtiwl 

f'lr llH Rlfl(4lt 

lir (MNX Nmi 
iif^K.whudiil. 



M with a^ 1 d«V>«K. <A V 
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PRELIMINABY EXAMINATION 



[833. 



Prbliminaby Examination of a Soluble Solid. 



333. The Table is thus arranged : in the first column is 
placed the experiment to be made; in the second a list of 
the results, any one or more of which may be observed; and 
in the third the inferences to be drawn from the results. 
Confirmatory or supplementary experiments are occasionally 
entered, they are, however, only to be tried when the result 
preceding them in the second column has been noticed. 

A more complete preliminary examination will be found 
in (387-405). 



Experiment. 


Observation. 


Inference. 


I. Heat a portion of 
the substance in an 
ignition - tube, or 
in a small dry test- 
tube, first gently 
and at last to red- 
ness. 

Confirmatory. — Boil 
another portion of 
the substance with 
KHO solution. 

Confirmatory. — Mix 
another portion of 
the substance with 
about three times 
as much powdered 
Na2C08 and KCy 
dry and heat in an 
ignition tube. 

• 


I. The substance does not change 


Absence of volatUe, 
fusible and organic 
substances, and of 
water. 


n. The substance changes : — 

1. Drops of water condense in the top of 

the tube. 

2. The substance fuses easily 

8. The substance sublimes .... 

A smell of ^ Hs is evolved and white fumes 
appear when a rod moistened with 
strong HCl is held to the mouth of the 
tube. 

A grey sublimate of minute metallic glo- 
bules, best seen by a lens. 

A black mirror-like sublimate . 


Presence of H2O. 

Probable presence M 
a salt of Na or K, or 
of Ba, Sr, Ca, Mg 

Presence of a salt M 
NH4, Ab, or Hg: 
possibly also of 
H2C2O4, of 8 Orel- 
low), and of I 
(purple rapoiir). 

Presence of "SB^ 
Confirm by NaBT 
(53), and proceed 
to (335). 

Presence of Hg. Poor 
AmHO upon tbe 

if it blackens Eg' 
is present as a msi- 
curotM compooDd, 
Presence of As. 


4. The substance blackens, and gives off 
CO2, which makes a drop of lime-water 
on a glass rod milky. 

The cool residue in the tube effervesces 
with HCl, whereas the original sub- 
stance did not. 

{Continued on next page). 


Presence ot an or 
ganic acid-radid^ 

probably A, Oorf: 
the last is known 
by a smell of bunt 
sugar. 
The organic add* 
radicle is united 
with K, Na, Bli 
Sr, Ca, or Mg. 
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OF A SIMPLE SOLUBLE SOLID. 
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Experiment. 



XL Dl^ into the pow- 
dered Bubstance a 
moistened loop of 
platinnm wire, and 
nold the loop in 
the Bnnsen flame ; 
moisten with strong 
HCL and again hold 
in tne flame. 



Observation. 



5. Oas or vapour is given off: smell the 
vapour: — 

Bed nitrous fumes, recognized by their 

smell. 
SO., known by its smell and by turning 

Ej^^sO? solution green. 



CI, Br, I, known by smell and colour : Br 
and I by action on starch paste, and CI 
by bleaching moist litmus. 

A slip of wood with a spark at its end, 
glows brightly or bursts into flame. 



The gas can be lighted and bums at the 
mouth of the tube ; note the colour of 
the flame : — 

PcUe ^eenish yellow : the gas bums ex- 
plosively, and nitrous fumes are seen. 

Br^fht white, the unbumt gas smells of 
garUc. 

Peach-blossom coloured jUimet grey sub- 
limate of Hg. 



Inference. 



6. The substance changes colour : — 

White^ cold. 



TeUow, hot. 

Yellow brown, „ 
Dark red or )^ 
ItrowTif j " 



Red brown. 



f* 



I. The flame is not coloured 



From nitrate of a 
heavy metal. 

From combustion of 
free S or a sulphide ; 
possibly also from a 
sulphate, sulphite, 
or theiosulpbate. 

From certain chlo- 
rides, bromides, or 
iodides, also free I. 

from chlorate or 
nitrate, or NjO 
from decomposi- 
tion of NH4NO3. 



Presence of NH,, 
from strongly heat- 
ed NH4NO8 . 

Presence of PHs, pro- 
bably from a hypo- 
phosphite. 

Presence of Cy, from 
HgCyj. 



ZnO 

PbO, SnOa or BijOs 

FejOj 



IL The flame is coloured : — 
Intense yeUow* . 



Pale Woe*, appearing crimson red) 
through the indigo-prism . . j 



Bed 



/Appearing grr«en through the) 
J indigo-prism . . . ) 
] Appearing intense r^ through) 
\ the indigo-prism . . > 



t Yellovnsh green , 
At---_ J Bright green, with blue centre) 
^*^*^ 1 after moistening with HCL f 

{Bright green 



Blue 



f Pale blue, livid 
( Vivid blue . 



Probable absence of 
the substances enu- 
merated below. 



Presence of Na. 



i> 



K. 



>> 


Ca. 


>> 


Sr. 


tt 


Ba. 


i> 


Cu. 


»l 


BgOg. 


Presence of As, Sb, Pb 
„ CuClj. 



*If the coloration for Na or E is intense, no further examination for the metal is 
necessary but the presence of K should be confirmed by stirring with KaHT(48). Proceed 
to (886). If the coloration is slight, a trace only of the metal is present, and the examina- 
tion for another metal is continued. 
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PRELIMINARY EXAMINATION 



[333- 



Experiment. 



III. Heat a portion 
of the substance in 
a cavity scooped on 
charcoal, in the 
blowpipe flame. 

Confirmatory. — De- 
tach asmaU portion 
of the white mass, 
place it on red lit- 
mus paper and 
moisten it with a 
drop of water. 

Confirmatory.— It the 
moist residue is not 
alkaline to test- 
paper, moisten the 
remainder on the 
charcoal with 

Co(N03)2 solution 
and heat again 
strongly in the 
blowpipe flame. 



Observation. 



1. The charcoal "deflagrates," or bums ra- 

pidly. 

2. A white mass is left on the charcoal which 

does not fuse, and shines brij^tty when 
strongly heated. 
The red paper becomes blue in a short time 
where the substance rests. 



Inference. 



A blue residue 



A pink residue 



A green residue 



3. The residue is not white and does not 
consist of globules of mettd, neither is 
there any incrustation formed upon the 
charcoal ; proceed to Exp. IV. 

4. The residue contains metallic globules 
or an incrustation forms on the char- 
coal ; proceed to Exp. V., omitting Exp. 

JL T • 



Presence of a nitrate 

or chlorate. 
Presence of Ba, 8r, 

Ca, Mg, Al, or Zn. 

Presence of Ba, Sr, 
Ca, or possibly of 
Mg. 



Presence of Al, or i 
possibly of a phos- | 

ghate, silicate, or 
orate. 
Presence of Mg. 



ff 



Zn. 



IV. Fuse a small 
quantity * of the 
substance into a 
clear colourless 
borax bead first 
in the inner then 
in the outer flame, 
noting in both cases 
the colour of the 
bead whilst hot and 
when cold. 



Confirmatory. — The 
presence of Cr or 
Mn may be con- 
firmed by fusing a 
portion of the sub- 
stance on platinum 
foil or wire with 
Na^COs and KNOa. 



I. The bead is colourless when heated in 
flames both. 



II. The bead is coloured : — 



In outer fiame. 
Oreen, hot ; blue, cold. 
Blue, hot and cold. 
Brown or dingy 

purple,hot ; light 

brown, cold. 
Brown, hot ; yeUow, 

cold. 
Oreen\, hot and cold 

Purple, hot and cold. 



In inner flame. 
Red or colourless 
Blue, hot and cold 

Orey or black, hot )_ 
and cold . . )' 

Bottle green, hot ) 

and cold . f 

Oreen, hot and cold 

Colourless, hot and ) 

cold . . ) 



A yellow mass on cooling 



A bluish green mass on cooling . 



Absence of the melali 
below. i 



Presence of Cu. 
ft Ck). 



t» 



It 



» 



»» 



Ni. 

Fet. 

Cr. 

Mn. 

Cr. 
Mn. 



* It is necessary to adjust carefully the quantity of substance fused into the bead ; if too 
much is used, the bead will often appear opaque ; if too little is employed, one of themetui 
may escape detection. It is best at first to fuse only a minute quantity into the bead, addiaf 
more if no colour, or but a fadnt colour, is produced. 

t Cr if present as a chromate gives a bead brown whilst hot, after having been fused In tot 
outer blowpipe flame ; but this brown coloiu* is not reproduced inthecaseof Crwhentbt 
bead, after becoming green by being heated in the inner flame, is again heated in the oottf 
flame. 
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Experiment. 



V. Mix the substance 
in a small cavity 
on wood-charcoal 
with Na^COs and 
ECy, and heat 
strongly in the 
inner blowpipe 
flame for several 
minutes. 

If metallic globules 
are obtained, de- 
tach one and strike 
it sharply on the 
bottom of an in- 
verted mortar with 
the pestle, and note 
whether it is 
crushed to powder 
(Inittle) or merely 
flattened out into a 
cake (nuUleaMe). 

If the globules are 
white and malle- 
able, take one upon 
the point of a pen- 
knife and see If it 
will mark paper as 
a black'lead pencil 
does. 



Observation. 



Metallic scales or globules are obtained, or 
an incrustation forms on the charcoal:— 



QlobiUes. 
White and brittle. 
White and brittle. 
Red and maUeahle. 
White and maUeaMe ) 
marking paper > 
easily. . . j 
White waAmaXleable ) 
not marking paper, > 
and readily fusible, j 
White and maUeable \ 
not marking paper, f 
fusible only with ( 
difficulty. ; 



None, 



None, 
None, 



Incrustation. 
White 
Yellow 
None 

TeUow . • 



None 



None • • 

{"Yellow whilst hot,>| 
white when cold; 
becomes green 
when moistened . 
with Co(N03)2 f 
solution and re- 
heated in the 
outer flame. J 
Broton 

White; on smelling') 
the charcoal a ( 
smell of onions is /* 
perceived. ) 



Inference. 



Presence of Sb. 
Bi. 
Cu. 






f» 



>> 



ft 



>» 



It 



Pb. 



Sn. 



Ag. 



Zn. 

Cd. 

As. 



After the completion of the preliminary tests for the metal, a solu- 
tion of the substance is made according to the directions in (332), 
and this solution is examined as is there directed. 
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PRELIMINARY EXAMINATION 



[384. 



334. Preliminary Examination op a Liquid. 



Experimeot. 



I. Note the colour 
of the liquid. 

Note.—li the colour 
has to be observed 
by night it should 
be examined by the 
white light obtained 
by burning a piece 
of magnesium rib- 
bon. Delicate tints 
are best seen by 
looking through 
some thickness of 
the liquid at a sheet 
of perfectly white 
paper. 



II. Dip pieces of 
red and blue 
litmus paper into 
the liquid. 



Observation. 



I. The liquid is coloured :— 

(Very delicate 
Intense 
/ Very delicate 

Oreen < 

\ Intense 

(Reddish yellow 
Light yellow 

Blue 

Violet or purple 



II. The liquid is colouilcss 



It is neutral ..... 
(Not affecting the colour of either paper.) 



Inference. 



It is acid ..... 

(Turning blue paper red. 
If, on adding Na^COs to a part of the solution 
and warming, no effervescence occurs, free 
acid and acid salt are absent. 



JPresence of Mn or 
dilute Co solution. 
Presence of Co. 
„ Fe", or Ni or Or 
in dilute sola- 
tion. 
Ni, Cr, or Ca. 
Fe'" or a bi- 
chromate, 
neutral chro- 

mate. 
Cu. 

Cr or a perman- 
ganate. 






n 






Absence of Co, Ni, 
Cr, Cu, &o. 



. 



Absence of free addi 
and alkalis, and of 
all salts but some of 
those of Am, Na, K, 
Mg, Ba, Sr, 0^ i«. 



Presence of a frw 
acid, of an acid salt, 
or of a salt with 
acid reaction. 



It is alkaline ..... 

(Turning red paper blue.) 
If the colour of the paper becomes only 
slightly changed it indicates the probable 
presence of an alkidine salt. 



Presence of a hydrate ' 
of K, Na, Am, Cii , 
Sr, or Ba, or of • I 
salt with alkaliM 
reaction. 
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OF A SIMPLE LIQXnD. 
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Experiment. 



III. Evaporate (27^ 
some of the liquia 
npon a thin watch 
glass* heated very 
gently by support- 
ing it some inches 
above a small flame 
upon a piece of 
wire gauze, or by 
means of a sand or 
water bath. 

If a residue remains 
on the glass bring 
this gradually into 
the flame and heat 
it more strongly. 



Observation. 



A regidne is left. .... 

On being strongly heated the residue blackens 

and emits a smell of burning 
The smell resembles that of burning sugar. 

Note.— lithe cold residue after ignition effer- 
vesces with a drop of HCl, whereas the unig- 
nited residue did not, the organic acid-radicle 
is united with Ba, Sr, Ca, Mg, Na, or E. 
The results in £xp. I., par. 333, may be here 

observed and should be noted. 
Keep this residue for Exp. YL 



Inference. 



Presence of some dis- 
solved solid. 

Pres. of _X, O, or T. 
Pres. of T. 



No residue is left .... 

If the liquid is also colourless, tasteless, 
and without action on litmus-paper, it must 
consist only of distilled water, and no further 
examination of it need be made. If the 
liquid is alkaline, NH3 must be looked for ; if it 
is acid, HjCOa, HaSOj, HCl, HNOg. H2SO4, and 
other volatile acids only need be tested for. 



Absence of any 
solved solid. 



dis- 



IV. Add excess of 
strong NaHO or 
KHO solution and 
boil (61>. 



A smell of NH3 ; moist red litmus is turned 
blue, and a rod moistened with strong UCl 
produces white fumes when held in the 
mouth of the test-tube. 



Presence of NH4 . 
No further test need 
be tried for a metal. 
Proceed to (335). 



v. Experiment II. (page 183) is then tried by dipping the platinum wire into the Uquid, 
concentrated, if necessary, by evaporation. 



VI. Experiment lY. (page 184) is tried by fusing some of the residue from Exp. III. 
(above) in the borax bead. 



* A piece of thin glass from the side of a broken flask is a cheap and useful substitute 
(or A watch glass. 
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PRELIMINARY EXAMINATION 



[886- 



Prbliminary Examina- 

335. Pour dilute HgSO^ in excess upon the substance in a test-tube, 

336. A gas is evolved, sbown by effervescence or by a characteristic 



1. Colourless gas 
toithout smell. 

A drop of lime 
or baryta-water, 
held in the tube 
upon the end of a 
glass rod becomes 
milky : — 

Presence of a car- 
bonate 



2. Oas smelling of burning 
sulphur. 

A drop of E2Cr207 solution held 
in the tube upon the end of a 
glass rod, becomes green : — 
Presence of a sulphite. 



2 a. The SO2 gas is given ofP 
only after standing for a time 
or on warming, and yellow S 
separates : — 
Presence of a theiosulphate. 



3. OoA with a most 
fetid smeU. 

A slip of filter-paper 
moistened with 
alkaline solution 

of PbAs, and held 
in the tube, is 
blackened : — 
Presence of a sul- 
phide. 



4. TeUowaastmeU- 
ing of dl. 

A slip of moist 
lilanus-paper held 
in the tube is 
bleached : — 

Presence of a hypo- 
chlorite. 



337. Add strong H2SO4 in small quantity to a fresh portion of the 
of the results enumerated below occurs*, if none of them is noticed 



1. Fumes are evolved with pungent smell and acid reaction 
to litmus-paper, the liquid is not coloured : — 
Presence qf a chloride or nitrate. 



Confirmatory. — Hold in the 
fumes a glass rod moistened 
with a solution of AgNOj 
acidified with HNOs : the 
solution on the rod becomes 
milky : — 
Ptesence of a chloride. 

Confirm by (351). 



Confirmatory. — Drop into the 
acid some small pieces of 
Ou, reddish-brown gas is 
evolved : — 
Presence of a nitrate. 



2. The liquid hecomes yeUow 
or red, and a chlorous smM 
is given off: on warming 
the tube a crackling noise 
or slight explosion is pro- 
duced : — 
Presence of a chlorate. 

Confirmatory.— To a portioD 1 
of the cola solution of the I 
substance in water add, 
a few drops of dUote 
indigo solution, then aoms { 
HsSOs, the blue colour of { 
the indigo ig destroyed. 



338. After heating the tube containing the strong HgSO^ and 
porcelain dish for (338a) ; rinse out the tube, and dry the inside 
fluoride is shown. The presence of a fluoride, if decisively indicated 

338a. Add alcohol to the liquid in the porcelain dish, mix by 
tinge it shows : — Presence of a borate. Confirm by (353). 

* If Pb, Ba, Sr, or Ca is present the addition of H2SO4 causes a precipitate of the 
+ It is befjt to compare this smell with that evolved when NaA is similarly treatadi 
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FOB THE ACID-BADICLE. 
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TION FOB THE AgID-EaDIOLE. 

and observe the effect produced* ; then heat to boiling ; — 
smell ; see below : — 



5. Reddish brown fumes are 
evolved, best seen by looking 
down the tube at white 
paper. 

On adding a little edd dUute 
HsS04 and FeS04 solution 
to a fresh portion, a deep- 
brown Uquid is produced:— 
Pretence of a nitrite. 



6. SmeU ofBCy, 

Test for a cyanide and a 
ferro-, f erri-, and sulpho- 
cyanide in the original 
substance by (351). 



SnteU of vinegar. 
Bef er to (337, 4) below 



No gas is evolved ;— 

Absence of carbonate* sul- 
phite, theiosulphate, sul- 
phide, hypochlorite, nitrite. 

Pass on to (387). 



substance, mix well by shaking, heat gently and note whether any 
proceed to (338) and (338 a) :— 



8. A reddish- brovm or violet colour 
is produced in the acid, and no 
eiploaion or crackling occurs on 
warming: — 
Presence of a bromide or iodide. 

If on heating the mixture, coloured 
T^wur is eyolyed (see note), hold 
in tile vapour the end of a glass 
rod covered with moist starch 
powder: the starch becomes 
brown : — 

Presence of a bromide. 

The starch becomes bluish-black :— 
Presence of an iodide. 

Note. — ^The vapour is much more 
eadly obtained by mixing the sub- 
staace .with Mn0« powder, before 
adding H2SO4 and neating. 



4. A smell of 
vinegar is 
noticed : — 

Presence of an 
' acetate. 

Confirmatory. — 
Add to a fresh 
portion of the 
substance some 
alcohol, then 
strong H2SO4; 
a fragrant 
smell proves 
an acetate, t 



6. A mixture of 
CO and CO2 
gases is given 
of: found by a 
drop of lime- 
water held in 
the tube being 
turned milky, 
and by the 
CO burning 
with a blue 
flame when 
kindled : — 

Presence of an 
oxalate. 



6. The stib- 
stance blackens 
and evolves 
gases, amongst 
which SO2 is 
recognised by 
its smell and 
its action on 
K2Cr207 solu- 
tion : — 

Probable pre- 
sence of a tart- 
rate. 
Confirm by 
(354). 



substance, let it stand for some time, then pour the liquid into a 
thoroughly ; if it is seen to be corroded and dimmed : — Presence of a 
here, requires no confirmation. 
Btiiring, heat the dish and kindle the alcohol, if the fiame has a greenish 



^luble sulphate : this may be disregarded. 

iince a mixture of alcohol and H2RO4 when heated evolves a somewhat fragrant smell. 
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GENERAL TABLE FOR DETECTINa 



[339- 



339. GEKEEAL TABLE FOE THE 

If the metal has not been detected in the Preliminary Examination, 
(see Table pp. 178, 179), and then trying special tests for each 

A part of the solution (332) of the substance, if add (340), is mixed with dilute HCl (341) ; 



The precipitate may 
be— 

AgCl— white. 
HgiClg— „ 
PbCljf- „ 



Examine for the 
metal by Table I. 
(344). 



Into the same part of the solution (342) HjS is passed, or HjS- 
is heated to boiling : — 



The precipitate may be— 

HgS— black. 
PbS- „ 
BisSs — „ 
CuS— „ 
CdS— yellow. 



SnS — ^brown. 
SnSg — yellow. 
SbjSa — orange. 
A82Sa— yellow. 



Examine for the metal by 
Table II. (345). 



To A fresh portion of the sola- 
[Caution.— It a tartrate or 

evaporating the liquid must 

dilute HCl, and tested by 
If AmHO added after AmCI 

AmHMo04 and warmed. 

ehromate (843) or fluoride 



The precipitate may be^ 

Ai vr^ (Colourless and 
AljHOfl— I transparent. 

CrjHoe — ^pale-green. 
Fe2Hoe— reddish-brown. 

{dingy - green, 
turning brown 
in the air. 



Examine for the metal 
Table IU.a (346). 



by 



If the precipitate is opaque 
or white and has none of the 
above appearances, refer to 
(367). 



If no metal can be founds the sub- 



Notes to the General Table. 

840. If the liquid is neutral or alkaline^ a portion of it is made just 
acid by slowly dropping in dilute HNO3; if this produces no precipitate 
or a precipitate which dissolves on adding more HNO3, another por- 
tion of the liquid is examined by the above Table. 

If a precipitate forms, which is not dissolved by adding more HNO3, 
it may consist of colourless gelatinous H4Si04 from a silicate, or 
finely divided S which is precipitated white from a polysulphide, and 
yellow from a theiosulphate ; or of SnOg, or metastannic acid, or 
SbjOg (all white) ; it may also possibly be SnSj, AsjSg (both yellow), 
Sb.^S3 (orange-red), these sulphides being precipitated from a sulpho- 
stannate, sulpharsenite, or sulphantiraonite. 

If 1148104 separates, it is best to evaporate the acidified solution quite 
to dryness and then heat the residue with dilute HCl ; an insoluble 
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THE METAL IN A SIMPLE SUBSTANCE. 
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EXAMINATION FOE THE METAL. 

it is most rapidly fomid by ascertaining to which Group it belongs 
member of the Group. 



if any precipitate forms, more HCl is added and the liquid heated : — 



water is added to it (343), the liquid is then diluted, and if no precipitate has formed it 



tion AmCl is added, then AmHO in excess :— 

oxalate has been found by (337), some of the solid substance or the residue obtained by 

be strongU^ heated on a piece of porcelain, the residue on cooling is then dissolved in 

AmCl and excess of AmHO.] 

produces a precipitate, a few drops of the original solution are added to some 

Should a yellow precipitate form, indicating the presence of a phosphate, or should a 

(338) have been found refer to (357) for the examination of the Group III a. precipitate. 



To the same portion add a few drops of AmjS, or HjS-water : — 

[ilToto— Before adding AmjS the liquid may be blue, showing presence of Ni, or violet 
from dissolved CrjHos ; the latter must be precipitated by long boiling in a por- 
celain dish before addiog Am2S.] 



The precipitate 
maybe — 

ZnS — ^white. 
MnS— pink. 
KiS— black. 
Cos— „ 
[Fefi^- „ ] 



Examine for the 
metal by Table 
in.B. (347). 



To the same portion add Am2C08 : — 



The precipitate 
may be : — 

BaCOy- white. 
SrCOj— „ 
CaCOs- 



*t 



Examine for the 
metal by Table 
IV. (348). 



To the same portion add Na2HP04, warm 
gently and shake well : — 



A white crystal- 
line precipitate 
proves presence 
of Mg. 



The metal still pre- 
sent may be NHj, 
Na, E ; it should 
have been de- 
tected already in 
the Preliminary 
Examination by 
Tests I. or H. 
(333). 



stance is probably an acid (334, II.). 

residue confirms the presence of a silicate, it is filtered off and the 
filtrate tested for the metal by the above General Table. 

Any other substance insoluble in dilute HNO3 is filtered off and may 
generally be known by its appearance : further, SnOg becomes yellow 
and SbjOs orange when moistened with HgS water, metastannic acid 
becomes golden -yeUow if moistened with SnClj solution. 

841. Make a note of any changes which occur on the addition of 
HCl ; gases may be evolved (336), or a yellow solution may become 
reddisJi-yellow, which renders probable the presence of a neutral 
chromate. 

842. Before HjS is added, the liquid must be heated, and if any 
smell of C51 or of SO3 or brown nitrous fumes should be perceived, the 
solution must be boiled down nearly to dryness, then dilute HCl added 
and HjS added at once. During evaporation gelatinous H4Si04 may 
separate (340). 
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ANALYSIS OP A SIMPLE SUBSTANCE. [348, 344. 



343. The following changes occurring on the gradual addition of HgS 
are of importance. If the precipitate is white at first, then brown, and 
at last black, the presence of Hg" is shown ; if the solution is strongly 
acid and gives a red precipitate becoming black on dilution with H,S- 
water, Pb is present. 

A separation of white S may occur accompanied by the following 
changes of colour, which are characteristic and should be noted down : — 

A reddish yellow solution changing to pcUe green indicates a ferric salt. 
A reddish yellow „ „ bright green „ chromate. 

A green „ „ colourless ^ manganate. 

K purple „ „ eolourlest „ permanganate. 

The precipitate of S is known by being perfectly white and running 
through a filter, it need not be further examined. 

A yellow precipitate which forms only on boiling the liquid may be 
As^Sj from an arsenat^, or SnS, from a stannic salt. 



844. TABLE L— SILVEE GROUP. 

A white precipitate forms on addition of HCI, and is either 
not dissolved when boiled with HCI, or it dissolves and 
reappears in crystals on cooling the liquid, showing the pre- 
sence of Fb. The precipitate may consist of AgCI, PhCl^ 

HggCla. 

Let the precipitate settle and decant the liquid : boil the 
precipitate in the test-tube with AmHO : — 



1. T?ie precipitate dissolves, 
at least in part, see note 
below : — 

Presence o/Ag. 

Confirm by adding excess 
of HNO3 to the AmHO 
solution, a milkiuess 
appears. 



Note. — Coagulated AgCl 
often dissolves only slowly 
in AmHO. 



2. The iM«cipitate does not dissolye: — 



TJie colour of the precipi- 
tate is unahanged: — 
Presence of Ph. 

Confirm by decanting 
the liquid, dissolving the 

precipitate in HA, and 
adding K2Cr04 to the 
solution ; a yellow pre- 
cipitate forms. 



The precipitate hecome$ 
olack: — 

Presence of Hg^ 
(Mercurotum). 

Confirm by immersing 
a bright slip of copper 
in a portion of the ori- 
ginal solution, made 
acid with a few drops of 
HNO3; a grey deposit 
forms on the Co, wnicii 
becomes white and bright 
when rubbed. 



J4B.] SM. TABLE n.— COPPEE AND ARSENIC GROUPS. 
Note the colonr of the precipitate yielded by H^S : — 



I. The pnc^itati U dart bmign d 
AdJ pars HaHO ill eicou t 
iKcIpiUte Alone after decutliig tbs liquid I: 






Tht predpilaU dii- 
lolvet: toaportiuQ 
ot the NflHO lolu- 
Uoo uld HCI In 

is niprei^tated. 
BoO anathor portion 
ol the preolpltBte 

I jellowAn^, then 

add HCI In dceu, 

a TSlloir pndpi- 

tateoISoB.:— 

1 Prritffuw tif Sn" 

1 (Stunaniia}. 

I Iba pnaaan ol Ha' 
■hiHiId b« eon- 
bmed bf addfns 
Hid, to n part of 
lln original HCI 



The precipitate doe$ not d^i 
a. The orwinul Hlulion ii I 

droTA ol BvSO^ to the origlni 
blade or pTece of atEcI. n red film uf Cu dopualts. 
a. The arigiaai toivlian ii coinuTlea. Teit in aei 
He, BI, Pb by the (oUovflna spadal teati;— 



conslit of Cu3. ngS. Bi A. PhS. 
I, apd becomea InUiDtftly blue — 
qf Cm . Couanu by adding a I 
ind dipping mto It a brlttbt knife 






strip of Ci 
pelted, V 



He" ult during 
SDlntlon In HNO,. 
Ths orlginiQ aub- 



HO; if it 
keui Hb- was 

HBB originall)' 



the orlghial aoTutloii into 
muuh uold disflUed 
natar; a white pred- 



if preneiit talli 



ahowH praeiwe nfBi . 



a portion add 



ed by adilin)f tf. _ 
part of the origi- 
nal aniutiuu AniHO 
hieiceaa, thonUA 

precipi'tate ghoWi 
pretence of Pb^ 



BOO the precipitata t 



tie prtc^nlate duo 
— dtuotoe ; It la 
'• illowand 



The prsdpitut' ditialixi 



liitot J 






Acidify a portion i 



Hal tb^ prci^lpilale 
VMdnced by H^ 
una] res on bBins 
bkoUad with dltote 
fl.80.. 



The deposit of ai 

1 a teat-tubo witl 
leu HgCl] added 
onflrma taaprBsei 



le detached 

itrang HCL 
pTQcipitate 



—It the yellow pre- 

id at "once L tS 
he As is presont as 
mm; it It formed 



t. ThapreaipitateUon 
Conflrm by acidifying a portion of the 
*~ce ot ta mtlng on a Blip of platinum d 

~'M<.— It oeoarfonally happena, If the ! 



n^ nd ,- it mi 
:!riginn! aolnti 
iMnceo/Si. 



in the pUtlnnin (IBS) :- 
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ANALYSIS OF A SIMPLE SUBSTANCE. [346, 847. 



346. TABLE III a. —IRON GROUP. 

The colour of the precipitate produced by addition of 
AmCl and AmHO will usually indicate whether it contains 
Fe, Al, Cr; the following tests may be made in confirma- 
tion. 

To a portion of the original solution add KHO gradually 
until a precipitate has formed (see Note below Table), then 
add KHO in excess and stir well, one of the following results 
will be obtained : — 



1. A colourless gela- 
tinous precipitate 
is produced which 
dissolves in ex- 
cess of KHO to a 
colourless solu- 
tion : the precipi- 
tate reappears on 
the addition of 
much AmCl to 
the KHO solu- 
tion : — 
Presence of Al, 



2. A yale green 
gelatinous pre- 
cipitate forms, 
which dissolves 
In excess of KHO 
to a green solu- 
tion ; when Pb02 
is added to 
this green solu- 
tion and the 
liquid is boiled 
and then acidified 
with HA, a yellow 
precipitate is pro- 
duced : — 
PrewnM of Cr. 



3. A reddish 
brovm precipi- 
tate forms, inso- 
luble in excess 
of KHO. Add 
KCyS to the 
original HCl 
solution, a blood- 
red coloration : — 

Presence ofFe!". 



4. A dingy green 
precipitate, 
forms, insoluble 
in excess of 
KHO, the pre- 
cipitate if filter^' 
ed off and ex- 
posed to the air 
gradually be- 
comes brown : — 

Preiience of Fef. 



Note. — if a colourless gelatinous precipitate has been produced by 
AmCl and AmHO, and is not produced by addition of KHO, a silicate 
is probably present. Its presence is confirmed by fusing the solid 
substance in a bead of NaAmHP04 (294) ; or by evaporating the acid 
solution to dryness, a residue insoluble in acid is SiO, and may be 
tested by the bead as directed aboye. 



347. TABLE III.r— ZINC GKOUP. 

The colour of the precipitate produced by addition of 
AnigS or of HjjS to the alkaline solution will distinguish Zn 
or Mn from Ni, Co, and Fe, and will usually distinguish 
Zn and Mn also from one another. See a and h below : — 

a. If the precipitate is light in colour ^ add to some of the origin*! 
solution KHO gradually until a precipitate forms, then add KHO in 
excess. A white precipitate, dissolving in excess of KHO and repw* 
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cipitated by addition of HjS proves presence of Zn. A white or 
brotonish precipitate, insoluble in excess of KHO and gradually turning 
dark-brown when filtered off and exposed to the air shows presence 
of Mn. 

h. If the precipitate is black it will consist of either CoS or NiS or 
possibly of FeS ; the distinction of the metals Ni and Co by the 
colour of their solutions — Ni being green, Co pink — and by the 
colours they impart to the borax bead (333 IV. ) is quite simple. FeS 
is only precipitated here from a diltUe solution of a ferix)us salt : 
Fe" is best detected by (346). 



348. TABLE IV.— BAEIUM GEOUP. 

Dip a loop of platinum wire into the original solution or 
into the HCl solution of the precipitate produced by AnigCOg, 
and hold the wire in the Bunsen flame. If the flame colora- 
tion thus obtained is not decisive, employ the tests placed at 
the foot of each column as confirmatory : — 



Ayellotoish green flame :- 
Presence of Ba. 

Confirmatory. -AAA CaSO^ 
to a perfectly cold por- 
tion of the HCl solu- 
tion,a precipitate forms 
im,mediately. 

Note, — A green flame 
coloration may be pro- 
duced by H3BO3. 



A crimson flams, appear- 
ing deep red through 
the indigo-prism : — 
Presence of Sr. 

Confinnatory. -Add CaS04 
to a perfectly cold por- 
tion of the HCl solu- 
tion, no precipitate is 
produced, but a pre- 
cipitate appears im- 
mediately on boiling. 



A red flame, appearing 
dingy green through 
the indigo-prism : — 
Presence of Ca . 

Confirmatory. -Add CaS04 
to part of the HCl solu- 
tion and boil ; no pre- 
cipitate. To the rest 
add AmHO in excess, 
and Am2C204 : a white 
precipitate forms. 



EXAMINATION FOR THE ACID-RADICLK 

849. If the acid-radicle has not been found already in the 
Preliminary Examinations (335-338a), or during the Examina- 
tion for the Metal (341, 343) or elsewhere, it must he tested for 
as directed below Since the solubility of the substance (332), 
and the metal it contains are known, much trouble is usually 
saved by referring to the " Table of Solubilities " (440). 
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For the tests given below, use ssparate portions of the 
origiual substance ; try the tests in Bucceasioa until an acid< 
radicle is found, 

350. Acidify a portion of the liquid, or if a solid dissolve 
it, with dilute HCl and add BaCla- If Pb, Hg', or Ag has 
been found, acidify with HNO3 aiid add Ea{N03)j, since HCI 
and chlorides would precipitate the above metals as chlorides. 
A wliite precipitate forms which does not disappear on boil- 
ing : — Presence of a itidphate. 

SSL Acidify a portion of the liquid, or if a solid is being 
examined dissolve the solid, with dilute HNOj ; filter o£f any 
precipitate or residue which may form, and add AgNOj 
solution : a precipitate forms, which does not disappear on 
warming. Note the colour of the precipitate ; and according 
as it is white, yellow, or orange, examine it by Ij 2, or 3: — 



It r&iCI, hu fielded neltber 
ot K (enu- mill (ulpho-cyBtii 
jd by Xg^Oj, puur Qpuii tJ 



He precipitate remsina 
PreterKe of a ehloriiU. 



'eclpitate nor colnnttion, IndlcBtlngab 
jmiiiiii. decuit the liquid CroDi tba pred] 
ID Che preclplUte lonie itrong Hao, and boil : 

Tbe preolpitBta dlBaaUes : 

Coaflrm tbe preaencs ol & cysnids In B noTUon c( 
tbe origlniil solution bj boiling 11 idfll y«BO„ 



lu pTHtlpltatu ; 



I. HDd BciilUjinR with HCl; 



blae GoloratluD -. 



I, >nd ma; consist ot AgBr or Agl. 

luHon for an Iodide b) adding (n It irtareh lolDliDD I 

■MUjias (It not alrsadf acid) witb HCl : ■ itef . 



S. Thj, 
Test uni. 
and KK< 

Prettna of an iodidtf. 

in iodide ii uot thai detected.'add to another portion of the orlglaal' 
Mveral drops ot C!-w«ter; It tba Unuid booooiM jeUow, uid on I 






B. Ths preHpilalt ii 



d with iBcl, U 
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Note, — If Hg has been found, HgCyj may be present, notwithstand- 
ing the formation of no precipitate with AgNO^. If not already 
detected in (333 I.), refer to (306). 

352. Acidify some of the original liquid, or if it is a solid 
dissolve it, with dilute HNO3 y ^^^ ^ necessary, add a small 
quantity of this acid solution to some ArnHMnQ^ solution, 
stir well and warm gently : — 



A yellow precipitate shows : — 
Presence of a pTiosphate, 



If no precipitate forms heat to 
boiling, the formation of a yellow 
precipitate shows : — 

Presence of an arsenate. 



The presence of a phosphate or arsenate may be confirmed by dissolv- 
ing the yellow precipitate, separated by filtration or decantation, by 
pouring upon it a little AmHO ; on adding to this solution AmCl and 
HgS04 a crystalline precipitate will form, which is to be filtered off 
and washed with a little cold water : several drops of AgNOs solution 
are poured upon this precipitate on the filter ; if it becomes yellow a 
phosphate is present, if broum an arsenate is present. The presence of 
an arsenate is further confirmed by a yeUow precipitate (AsjSj) appear- 
ing with Hj|S when the liquid is boiled. 

353. Acidify a portion of the original liquid, or if a solid 
stir it, with HCl ; dip into this solution a piece of turmeric- 
paper, and dry it at a gentle heat ; if the paper becomes 
reddish brown when dry, and changes to dingy green 
or hltte black when moistened with AmHO, it proves the 
Presence of a borate, 

354. The acid-radicles, one of which may still be present, 
are "T, "CgO^ and 'F. If the metal found belongs to 
Groups L, II., IIL, or IV., the examination for one of these 
radicles must be begun at (356), if the metal present is K, Na 
or NH4 examine by (355). 

356. Make the solution just alkaline with AmHO, then 
add CaCl2 solution in some quantity, shake well and let 
stand if no precipitate forms at once : the preliminary 
examination (337) will usually have indicated which of these 
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acid-radicles ia present, and thus show according to which 
of the three columns below the precipitate is to he further 
tested : — 



I. A erystaUine pred^pitate, ap- 
pearing after some tiTne, shows 
prohablepreseruie o/a tartrate. 

Confirm by 1 or 2 below : — 

1. Decant the liquid from the 
precipitate, add a little water 
and a single drop of AmHO, 
drop in a small crystal of 
AgNOg and warm very care- 
fully; a mirror is formed 
below the crystal, presence of 
a tartrate. This test may be 
tried also with the original 
solution by (322). 

2. On acidifying some of the 
neutral original solution with 

HA and adding alcohol and 

KA (unless E or NH4 has 
been detected in the sub- 
stance), and stirring or shak- 
ing well, the formation of a 
crystalline precipitate shows 
presence o/a tartrate. 



II. A white pulvenUent pre- 
cipitate shows probable 
presence of an oxalcUe. 



The presence of an oxalate, 
already indicated by the 
test in (337, 6), must be 
confirmed either by warm- 
ing some of the original 
substance with MnOz and 
H2SO4, and testing for 
CO2 gas (319) : or by the 
more tedious method of 
filtering off and drjring 
some of the above preci- 
pitate of CaC204, then 
igniting it and testing 
for a carbonate with HCl 
(318 a). 



III. A geUUinmis 
flocctUent precipi- 
tate shows pro- 
bable ^esenee of 
ajluonde. 

Confirm by filtering 
and warming some 
of the precipitate, 
or of the sub- 
stance if solid, 
in a small cup of 
lead or platinum 
with strong 
H2SO4 ; fumes 
will be evolved 
which etch a pro- 
perly prepared 
watch glass (296X 



356. An oxalate or fluoride of Ba, Sr, Ca, or Mg will 
have been already detected. A tartrate of any one of these 
metals is found by gently heating the finely powdered 
substance if it is solid, or the neutral solution if a liquid, 
with very dilute AmHO and a crystal of AgNOg : the forma- 
tion of a mirror shows presence of a tartrate. If a metal of 
Groups I., II., or III. has been found, the metal must be 
separated before testing for the acid-radicle. 

If the metal belongs to Group I. or IL, make the original 
solution just acid with HCl, and add HgS-solution or pass 
HgS into the liquid for about five minutes; filter off 
the precipitate and add more HgS to the filtrate, if no 
more precipitate forms*, boil in a porcelain dish until the 
liquid ceases to smell of HgS and examine by (355). 



• If any further precipitate forms add more of the reagent, filter, and 
test again by adding more of the reagent ; thin addition of reagent, filtrt* 
tion, and testing the filtrate is repeated until no further precipitate fotpi 
on addition of the reagent to the filtrate. 
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If the metal belongs to Group III. add AmCl, AmHO till 
alkaline, then AnigS : boil and filter, add to the filtrate AnigS, 
if no more precipitate forms (see footnote, page 198) add HA 
in excess, boil, filter off S if necessary, and examine by 
(355). 

If no acid-radicle can be found in any quantity and 
the substance is not metallic in appearance, it is probably 
an oxide or a sulphide ; most sulphides yield a sulphate or 
sidphuric acid when they are boiled with strong HNO3, 
which may be detected after dilution by (350); an oxide 
may often be known by its colour (331) or by some other 
special property or test, e.g, MnOg by evolving CI when 
it is heated with HCl, and PbgO^ by leaving brown PbOg 
when it is treated with dilute HNO3. 



EXAMINATION OF GROUP III.a. 

357. The precipitate formed on the addition of AmCl 
and AmHO to the solution of a substance insoluble in 
water may consist of AlgHgOg, FcgHgOg, Cr^HgOg; or of 
Fe, Al, Cr, Zn, Mn, Ni, Co, Ba, Sr, Ca, Mg as phosphate or 
oxalate ; or of Ba, Sr, Ca as chromate or fluoride. 

The systematic examination of a precipitate in Group 
III.a. for these substances is a difficult matter; such an 
examination is however only necessary, when an oxalate 
(337. 5), a chromate (343) or a fluoride (338) has been 
already detected, or when a phosphate is found in (339). 
If a precipitate forms in Group III.A. and the above acid- 
radicles are absent, proceed as is directed in (346) : if the 
above acid-radicles are present, the metal must be tested for 
as directed below, unless it has been certainly detected 
during the Preliminary Examination. 

358. Note the appearance of the precipitate caused by 
AmCl and AmHO, then add AmgS to the liquid and precipi- 
tate, stir well and according to the appearance of the pre- 
cipitate proceed to examine further by 1 or 2 (page 200). 
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1. The precijntate after addition of AmJS is blacky it may 
consist of FeS, CoS, or NiS; the means of distinguisldng 
these three metals is given below. Note first the colour 
of the original solution (334, 1). 



a. The colour of the ori- 
ginal solution was 
yeUow or reddish- 
brown: — 
Presence ofFef". 
{.Ferricum.) 

Thig is confirmed by 
the precipitate pro- 
duced by AmCl and 
AmHO in the ori- 
ginal solution hav* 
ing been ^ale^ellow 
or reddish - brown, 
and becoming black 
on addition of AmjS. 

As a conflrmatoiy test 
add to a portion of 
the original solu- 
tion, acidified with 
HCl if necessary, a 
few drops of KCyS 
solution, a blood-red 
coloration is pro- 
duced. 



b.Thecolourof 
the original 
solvMon locw 
pink, or pos- 
sibly blue be- 
condng pink 
on dilution: 
Presence of 
Co, 

The presence 
of Co may be 
confirmed by 
adding ex- 
cess of KHO 
to the origi- 
nal solution, 
a blue preci- 

Eitate tum- 
ig red on 
boiling shows 
the presence 
of Co. 

Co will also 
have been 
detected by 
its borax 
bead (883, 
IV.) 



e. The colour of the original tolution 
was green .-^Presence of Ni or Fef. 

Note the effect which was produced 
by the addition of AmCl and 
AmHO:— 



A blue solution 
was produced : — 
Presence of Ni . 

The presence of 
Ni may be con- 
firmed by adding 
excess of KHO 
to a part of the 
original solution, 
a light green 
precipit a t e 
shows the pre- 
sence of Ni . 

Ni wiU also have 
been detected by 
its borax bead 

(838, rv.) 



A dingy greenpre- 
dpitate, which, 
when shaken 
round In a por- 
celain dish and 
left for several 
minutes exposed 
to the air, be- 
comes brown: — 
Presence of Fef, 
(Ferrosum.) 

Confirm by adding 
KfiCfvj to some 
of the original 
solution, acidi- 
fied with HCl 
if necessary; a 
dark blue pred- 

Sitate is pfo- 
uced. 



2. The precipitatey after addition of AmJS, is white or light 
coloured, — It may consist of CrgHog, AlgHog, ZnS, MnS; 
[ or of BaCrO^, or Ba, Sr, Ca, Mg, as phosphate, oxalate, 
fluoride, silicate, or possibly borate ]. The substances in 
brackets can however only be present if the liquid given 
for analysis was acid in reaction, or if a solid was given 
which was insoluble in water. 

To a small portion of the original solution add KHO drop 
by drop until a precipitate is produced. (See Note below 
the Table.) Note the colour and appearance of this pre- 
cipitate, then add a larger quantity of KHO and stir or 
shake well; one of the following results (a or h) will be 
noticed : — 
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€L The precipitate at first produced by KHO r&dissolves mhen 
the KHO is added in larger quantity; indicating the pre- 
sence of Al, Zn, or O. Note the appearance of the pre- 
cipitate: — 



A pale green fieeeulertt precipi- 
tate :— 

Pretence efCr. 

Conflrm hy boiling some of the 
green KHO solation with lead- 
peroxide (PbOA a yellow liquid 
h obtained, which, if decanted, 
yields a yellow precipitate on 

addition of HA in excess. 

The colour of the solution and of 
the borax bead will also haye 
detected Or. 

^ote.— If the Or was present in 
the acid-radicle of a chromate, 
AmCI and AmHO wiU have 
yielded no precipitate ; but there 
will have been a green precipi- 
tate on addition of AmjS and 
heating. 



A tohite precipi- 
tate, vSnich is 
re -precipitated 
from the KHO 
soltUion, by ad- 
dition of a few 
drops of HjS- 
water but is 
not re-precipi- 
tated by addi- 
tion of AniCl : 
Pretence of Zn . 

Confirmed by no 
precipitate hav- 
ing been pro- 
duced by AinCl 
and AmHO, but 
a white precipi- 
tate by addi- 
tion of Am^S, 
<x of HjS after 
AmHO. 



A white floeculent precipitate, not 
reprecipitated from the KHO 
solution byladdition of a few 
drops of H^S-wateror by boil- 
ing, but reprecipitated immedi- 
ately if sufficient AmCl solution 
is added : — 
Presence of Al (see Note). 

Note.—AIPOA is also precipi- 
tated hero, and is soluble in KHO, 
but differs from AIjHoe in being 
reprecipitated from the KHO 
solution by addition of excess of 

HA; if PO4 has been detected 
the analysis is finished. AIPO4 
is soluble only in acids, hence 
the original liquid must have 
been acid or the original solid 
substance insoluble in water. 



Note. — Sometimes « floeculent precipitate is produced on adding 
AmCl and AmHO to the original solution, and yet no precipitate is 
produced by KHO ; this renders probable the presence of an alkaline 
silicate. In this case evaporate a portion of the solution to dryness with 
HCl ; warm the residue with HCl : if any insoluble residue is left, the 
presence of a silicate is proved ; filter and test the filtrate for E or Na. 



h. The precipitate atfi^rst produced by KHO does not redissolve 
on addition of more KHO ; the precipitate will have one 
of the following appearances : — 



A wJU'te ordinqy yellow pre- 
cipitate, rapidly darken- 
ing tohen thaken in the 

Pretence ofMn, 

Confirmed in the prelimi- 
nary examination by pro- 
ducing a green mass wnen 
fnied with Na^COs and 
KKOt, Aiid by no precipitate 
hsTiiur been produced on 
•ddition of AmCl and 
AmHO, unless the solution 
was exposed for some time 
to the air. 



A pale yellow jn-ecipitate, 
not darkening vn the air: 
this precipitate will also 
have been produced by 
AmCl and AmHO and its 
colour will not have been 
altered by addition of 
Am2S: — 
Pretence ofBaCrO^ . 

Ba has been already de- 
tected by the flame colora- 
tion (383, II.X and a chro- 
mate by the change of 
colour of the orange red 
liquid to green on adding 
HsS (343). 



A white precipitate, not 
darkening in the air : — 

Presence of Ba, Sr, Ca, or 
Mg as phosphate, oxaUite, 
Ac. 

Pass on to (359). 

Note.—ThlB precipitate 
can only be formed if the 
original solution was acid. 



202 EXAMINATION OF A SIMPLE SUBSTANCE. [369, 360. 

359. The precipitate may consist of Ba, Sr, Ca, or Mg as 
phosphate, oxalate, borate*, fluoride, or silicate. 

Examine for the metal and acid-radicle as directed below, 
working through the columns from left to right, xmless the 
presence of a phosphate (339), oxalate (333, I. 4, or 337, 5), 
borate (334, y., or 333, IL, or 338 a), or fluoride (338), has 
been already proved, in which case proceed at once to 
examine according to (360), or by column 1, or 2, or 3 below. 

If this precipitate is proved to contain a phosphate, oxalate, 
borate, fluoride, or silicate, the further examination for an 
acid-radicle becomes unnecessary. 



1. Add AmHO in excess 
to a portion of tlie origi- 
nal solution t, filter, dry 
the precipitate and heat 
a portion of it to a dull 
rid hecU for several 
minutes on platinum 
foil. 

Place the foil in a test- 
tube and pour a few 
drops of dilute HCl upon 
it; if the residue dis- 
solves with efferves- 
cence, it shows the 
presence of an oxalate. 

Test this HCl solution 
for Ba, Sr, Ca, Mg, by 
(339), using it as the 
original solution. 

If the ignited precipitate 
does not dissolve with 
effervescence, pass on 
to column 2. 



2. Stir some of the pre- 
cipitate produced by 
AmHOt, column 1, on 
a watch glass, with a 
little water to which a 
few drops of HCl have 
been added, imtil the 
precipitate is dissolved. 
Dip into the liquid a 
slip of turmeric paper, 
and dry at steam heat ; 
the slip apx)ear8 reddish- 
broiDn, and becomes 
dingy-green when moist- 
ened with AmHO : — 
Presence of a borate. 

Examine for the metal 
present by (361). 

If a borate is not found, 
proceed to column 3. 



3. Place another portion 
of the precipitate pro- 
duced by AmHOf, co- 
lumn 1, in a leaden 
cup or platinum cru- 
cible, add strong H2SO4 
and warm gently, 
covering the vessel 
with a watch glass, 
which has been coated 
with a film of wax and 
has had characters 
traced with a sharp 
point through the wax 
(290); the glass is 
etched :— 
Presence 0/ a fluoride. 

Examine for the metal 
present by (361). 

If no fluoride is found, 
test for a silicate by 
(361). 



360. Examination of a phosphate. — Add to a portion of 
the cold original solution AmHO drop by drop, whilst con- 
stantly shaking the liquid, until a slight precipitate is 
formed which does not disappear on stirring; then add 
HA and NaA solution, and drop in FegClg until the liquid 
after being well shaken has a brown or red colour ; boil and 
filter immediately. The precipitate is thrown away. To 



* Borates of fia, Sr, and Ca, are rarely precipitated in Group III., since they are 
soluble in the AmCl formed on adding AmHO to the HCl solution. 

t If a solid is being examined, a portion of ttie original solid is employed for 
this test, instead of the precipitate produced by AmHO in the HCl solution. 
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the filtrate AmCl is added, then AmHO until it is just in 
excess, boil and filter; the liquid or filtrate, which must 
smeU strongly of NH3, is then tested for Ba, Sr, Ca, and 
Mg by (339), this liquid taking the place of the original 
solution : and if any precipitate is fonned by AnigCOg, it 
must be well washed several times with boiling water to 
remove !N"a, since the intense yellow coloration of Na 
would mask that of Ba, Sr, or Ca. 

JSa^lanation of the Method for Examination of a Phosphafs. 

In order to detect Ba, Sr, Ca, or Mg present as phosphates, the PO4 
must be removed from the solution and the metal left as chloride. This 
is effected by neutralising all HCl and leaving the solution acidified 
only by free HA ; by addition of FcgClg in slight excess and boUing, all 
PO4 is precipitated as FePO^ which though soluble in HCl is perfectly 
insoluble in HA. On filtering, FeP04 remains upon the filter, and the 
filtrate contains the metal (Ba, Sr, Ca, or Mg) as chloride together 
with a little Fe, but is perfectly free from phosphate. 

36L Uxamination of a borate, fluoride, or silicate. — A 
portion of the original substance is placed in an evaporating 
basin, which is then nearly filled with dilute HCl, and the 
liquid is entirely boiled away ; the dish is once more filled 
with acid, and again evaporated to dryness : the residue in 
the dish is then warmed with dilute HCl, and filtered if 
any residue is left : — 



Solution : the HCl solution is examined for Residue : if any resi- 
Ba, Sr, Ca, Mg by (339), this solution due remains in- 
being treated as is there directed for the soluble in HCl, it 
original solution. proves : — 

Presence of a silicate. 



Explanation of the process. — The evaporation to dryness with HCl 
removes H3BOJ and HF, which volatilise, whilst SiOg is left insoluble 
in HCl and therefore remains as an insoluble powder on afterwards 
warming with HCl ; this residue of SiOj also remains, however, if 
HF was present, being caused by the corrosion of the dish ; since how- 
ever HF if present has already been found, no notice will then be 
taken of the residue. 
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THE SUBSTANCE POSSESSES METALLIC 

LUSTEE. 



366. This shows the probable absence of an acid-radicle. 
The only non-metallic elements likely to be present are free 
carbon as graphite, free iodine, or combined sulphur, since 
several sulphides are decidedly metallic in appearance*. The 
presence of the metals Ni, Co, Fe in the free state, and of 
FcgO^, may be shown by the substance being attracted by a 
magnet. Pb, or graphite, will be recognised by marking 
paper when rubbed upon it, as a black lead pencil does : the 
mark due to Pb disappears if wetted with dilute HNO3 • 

Preliminary Examination. 



Experiment. 


Obserration. 


Inference. 


I. Heat a portion of 
the substance in 
a smaU ignition- 
tube 


1. A black lustrous mirror forms 

2. A yellow sublimate forms, melting, 
when heated, to brown drops . 

3. Violet vapour is given oflf, condens- 
ing to black scales on the sides of 
the tube 

If the substance sublimes entirely 
as violet vapour .... 


Presence of As. 
Presence of S. 

Presence of I. 
Iodine alone is pre- 
sent. 


II. Heat a portion 
in the inner blow- 
pipe flame in a 
cavity scooped 
on a piece of 
wood charcoaL 


1. Smell of garlic .... 

2. If an incrustation forms, refer to 
par. {333, V.) where in the second and 
third column will be found the ap- 
pearance of the incrustation and the 
metal whose presence it indicates. 

3. Smell of burning sulphur 

4. A green flame coloration 


Presence of Aa. 

Presence of S. 
Presence of Co. 


III. Place aportion 
1 of the substance 
in a piece of hard 
glass tube open 
at both ends, and 
heat it strongly 
in the Bunsen 
flame, and after- 
wards in the 
blowpipe flame if 
necessary. 


1. A gas is evolved from the upper 
end which smells of burning sul- 
phur and turns a piece of fllter- 
paper moistened with E2Cr207 solu- 
tion green 

2. The substance bums completely 
but slowly away, glowing when 
strongly heated. This effect is best 
seen by heating it strongly on Pt- 
foil by directing the blowpipe flame 
on the under surface of the foil . 


Presence of S. 
Presence of 0. 



♦ The most common sulphides which possess metallic lustre are wpS^ 
pyrites and irm pyrites, which resemble brass in appearance : Bnig(de»^ 
which resembles lead. 
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After completing the preliminary examination proceed as 
is directed in (332). 

No acid-radicle need be tested for except S, As and P, which 
are most easily detected after they have been converted into 
acids by oxidation : a portion of the finely powdered substance 
is dissolved in strong HNOg, and this solution is diluted with 
water : HgSO^ is then tested for by BaClg and HgPO^ and 
H3ASO4 by AmHMoO^ (352). 



THE SUBSTANCE IS INSOLUBLE BOTH IN 
WATER AND IN ACIDS. 



367. It may consist of any one of the following substances; 
those included in brackets being less likely to occur than the 
others, since they are soluble when heated with sufficient 
water or acid. As will be seen below, the colour frequently 
serves to indicate what substance is present. 

1. WhiU : BaSO^, SrSO^, (CaSO^), PbSO^, (PbClj), AgCl* 

SiOg, (AI2O3 ignited), SnOg, Sb205, ^\0^, CaFg. 

2. Darh coloured: ignited FcgOg (dark brown or black), 

ignited CrgOg (dark green or black), FeCrgO^ and 
ignited PbCrO^ (dark brown), C (black). 

3. Yellow: S, AgBr* Agl*, (Pbig). 

An insoluble silicate may also be present. For a fuller 
description of these substances see (475). According to the 
colour of the substance examine it by (368, 369, or 370 ). 

368. The substance is white. If sufi&cient substance is 
available try the following preliminary tests; if not, proceed 
at once to (368 a). Pour upon a small portion a drop of 
AmgS; if it blackens the presence of Pb or Ag is probable, 
if it becomes yellow or orange red the presence of Sn or Sb 
is probable ; pass on to test III. in the following Table. 

If no change of colour is produced by AmgS, try tests I 
tod 11. 

* Darkens quickly in sunlight, and slowly in. oxdmaTy ^"ars\\^\.. 
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[368. 



Experiment. 



I. Moisten a clean loop 
of platinum wire, im- 
merse it in the powdered 
substance, and heat the 
adhering powder for a 
short time strongly in 
the inner blowpipe 
flame; moisten the loop 
with a drop of strong 
HCl, and hold it in the 
Bunsen flame 



II. Fuse a portion of the 
substance, mixed with 
NaaCOa in flne powder, 
in acavityscooi)edupon 
a piece of wood charcoal, 
in the inner blowpipe 
flame produced frmn a 
spirit lamp flame. 



III. Mix some of the 
flnely powdered -sub- 
stance with powdered 
NaaCOa and KCy, on a 
small cavity made in a 
piece of wood charcoal, 
and heat the mixture 
in the inner blowpipe 
flame. 

If metallic globules form, 
detach one and strike it 
smartly with the pestle 
on the inverted mortar. 
Also take a globule on 
the point of a penknife 
and try if it marks paper 
as black lead does. 



Observation. 



A yelloioish green flame. 



A crimson flame, appear- 
ing deep red through the 
indigo-prism. 

A reddish flame, appear- 
ing dusky green through 
the indigo-prism. 



The cooled mass, if de- 
tached from the char- 
coal, placed upon a 
bright silver coin, and 
moistened with water, 
gives, when crushed with 
the blade of a knife, a 
black stain. 



White metallic malleable 
globules, which mark 
paper, and if dissolved 
in HNO3 give a white 
precipitate with H2SO4 ; 
a yellow incrustation is 
also formed on the 
charcoal. 

White metallic malleaJ>le 
globules which do not 
mark paper; they dis- 
solve in HCl, the solution 
giving a white precipi- 
tate with HgCl2 . 

White metallic brittle 
globules, which, if dis- 
solved in boiling HCl, 
give an orange red pre- 
cipitate with H2S: white 
incrustation. 

White scales, no incrus- 
tation: the metal is 
insoluble in HCl, and if 
dissolved in HNOs gives 
no precipitate with 
H2SO4 but a white pre- 
cipitate with HCl ; the 
original substance is 
instantly blackened by 
a drop of AmzS, and is 
dissolved on being 
warmed with AmHO . 



Inference. 



Presence of Ba.\ 



Presence o/Sr. 



Presence of Ca.j 



Test for 

8O4 by 

Exp. II. 



Presence of a sulphate. 

Note.— It SO4 is not 
found, test for F by (338 
or 296), and further 
examine the substance 
by (368 a). 



Presence o/P& as chloride, 
sulphate, or chromate. 

Refer to the Note below 
this Table. 



Presence ofSnO^ . 



Presence ofSb20^ or Sb^s 



Presence of AgCl. [See- 
also (368a).] j 



Note. — Boil some of the substance with much water, add HNOjand 
AgNOg, a white precipitate ahowa presence of PbCl^ . 

Test for chromate by fusing in a porcelain crucible with Na,COj+ 
KjCOs ; a yellow mass on cooling shows presence of PbCrO^ , 

The presence of PbS04may be proved by test II., and byponrin^ 
upon the original substance HjT then excess of AmHO, and boiling- 
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filter if necessary, acidify a portion of the clear solution with HA, 
and add K2Cr04, a yellow precipitate : Presence of Ph. Acidify another 
portion with HCl, and add BaCla a white precipitate insoluble on 
boiling : PrescTice ofSO^. 

If none of the substances mentioned in the above Table have 
been detected, test for AlgOg by heating the substance strongly 
on charcoal in the outer blowpipe flame after moistening it 
with Co(N03)2 solution, a blue mass showB presence of Al^O^. 

If AlgOg is not found fuse some of the substance in a clear 
bead of NaAmHP04, it floats undissolved : — Presence of 
SiOcjf or a silicate. Proceed to (368 a). 

368 a. Fuse a portion of the finely powdered substance, 
mixed with four or five times as much fusion mixture, for 
several minutes in the blowpipe flame on a piece of platinum 
foil, or in a porcelain crucible if Pb or Ag is present ; boil 
the cool mass with water, filter and wash the residue. 

Examination of undissolved residue. — Heat the residue 
with dilute HNO3; if it does not dissolve, decant the acid 
and heat the residue with a small quantity of dilute HNO3 
and HCl mixed : if the residue is still undissolved it must 
be fused again with fresh fusion mixture, and treated as 
is directvcd above. 

The acid solution is examined for the metal by (339), 

Examination of the water solution. — When the metal pre- 
sent has been detected, it will usually be possible to limit the 
number of acid-radicles which need be tested for by refer- 
ring to the list in (367). Tests are given below for all acid- 
radicles likely to occur in insoluble substances : separate 
portions of the water solution are to be used. 

Sulphate: acidify a portion with HCl and add BaClg : a 
white precipitate will form. 

Chloride : acidify a portion with HNO3 and add AgNOg, a 
white precipitate is produced, which is easily soluble in AmHO. 
If the precipitate produced by AgNOg has a yellow tinge 
and is not easily soluble in AmHO, add to a fresh portion of 
the water solution a little CSg, then acidified CaClgO solution 
drop by drop, shaking well between each addition, a bxcrwa. 
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coloration of the CSg shows a bromide^ a violet coloration an 
iodide, 

Plicate : make a portion acid with HCl and evaporate to 
perfect dryness, if on warming with dilute HCl an insoluble 
residue is left, this proves the presence of silica or a silicate. 

Fluoride : acidify with HA and add CaClg, a gelatinous 
white precipitate forms. Confirm by tests (338 or 296) tried 
on some of the original substance. 

369. The substance is dark-coloured (367, 2). 

Place some of the substance on a piece of platinum foil and 
heat the foil strongly on its under surface by the blowpipe 
flame : — 



Thti nibstance bums away 
dowly but completely :— 

Pretence qf C, 



The iubgtance does not bum away; place upon it 
three or four times as much powdered NajCOs 
and KNOs, and fuse for some time :— 



1. The substance dissolves, forming a yeUow mass 
when cold '.—Presence qf Cr^Og . 

2. The substance remains undissolved as a dark 
brown powder, and the mass on cooling is 
white '.—Presence of Fe^Oi*. Confirm by boil- 
ing the mass with water, filtering and fusing 
the brown residue into a borax bead (100). 



370. The distance is yellyw (367, 3). 
Heat a portion of it strongly in a small ignition-tube ; one 
of the following results will occur ; — 



It fuses and sublimes^ the subli- 
mate being yellow and melting 
to reddish brown drops when 
heated : — 

Presence of 8. 
Note.— It the substance sublimes en- 
tirely it consists only of sulphur. 



It fuses hut does not suhlime. 
Examine a portion of the sub- 
stance for Ag and Pb and for 
Br and I by (368 a). 



* FeCr204 shows both reactions 1 and 2, since it contains both ]*• 
andCr. 
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ANALYSES OF SIMPLE SALTS, SHOWING HOW 

TO ENTEE EESULTS. 



A. Liquid given for analysis. 

Preliminary Ihcamination for the Metal, 



Experiment. 



1. Noted the colour of the 
liquid. 

2. Dipped into it a piece 
of blue litmuB-paper. 



8. Evaporated a few drops 
■lowly upon a watch 
glass. 
Igpoited the residue 
strongly. 

1 4. Added KHO solution 
[ and boiled. 

S. Dipped a loop of pla- 
tinum wire into the 
solution and held it in 
the flame. 



8. Dipped a clear borax 
bead into a portion of 
the residue from 3, and 
fused in the outer and 
Inner blowpipe flame. 



Observation. 



1 * 



Blue. 



The paper was turned 
red, but on addition of 
NasCOj no efferves- 
cence occurred. 



Pale blue residue left. 



Blackened without smell 
of burning. 

No smell of NHs. 



Bright green flame; on 
moistening the wire 
with strong HCl and 
again holding it in the 
flame it gave a blue 
coloration. 

In outer flame the bead 
was green whilst hot, 
blue when cold. 

In inner flame it be- 
came colourless. 



Inference. 



Presence of Cu. 



■Presence of a salt with 
acid reaction. 



Presence of some dis- 
solved solid. 

Absence of organic add- 
radicles. 

Absence of NH4. 



Presence of Cu. 
Presence of Cu. 



Preliminary Examination for the Acid-radicle, 



"Experiment. 



L Added dilute H2SO4 
*&d warmed. 

^ Added strong H2SO4 
*Qd warmed. 



Observation. 



No gas was evolved. 



No gas was evolved 
And no red fumes on add- 
ing Cu clippings. 



Inference. 



Absence of carbonate, 
sulphite, sulphide, and 
nimte. 

Absence of chlorate, Ac- 
Absence of nitrate. 



\ 
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Examination for the Metal, 

To a portion of the liquid added HCl: — 



No precipitate. 
Absence of Group I. 



Added strong H^S-water: — 



A brotonish black precipitate. Presence of Sn", 

Hg", Bi, Pb, or Cu. 
Allowed the precipitate to settle, poured off as 

much of the liquid as possible and boiled the 

precipitate with excess of NaHO, it remained 

undissolved 
Since the original solution was blue, a clean knife 

blade was dipped into a portion of it acidified 

with H2SO4, red copper was deposited on the 

steel : — 

Presence of Chi, 



Examination for the Acid-radicle, 

Added HCl and BaClgj a white precipitate was produced 
which did not disappear on boiling: — Presence of sulphate. 

Found Gu, 80^. 



B. Liquid given for analysis. 
Preliminary Examination for the Metal, 



Experiment. 



1. Noted the colour of 
the liquid. 

2. Dipped red litmus- 
paper into the liquid. 

8. Evaporated a few 
drops to dryuess upon 
a watch glaisB. 
Ignited the residue 
strongly. 

4. Boiled a portion with 
excess of KHO. 

6. Dipped a loop of pla- 
tinum wire mto the 
solution, and held it in 
the Bunsen flame. 

6. Dipped a clear borax- 
bead into the residue 
from 3, and fused in 
the outer and inner 
blowpipe flames. 



Observation. 



Light yellow. 



It was turned faintly 
blue. 

A yellow residue re- 
mained. 

No blackening. 



No smell of NHg. 



A pale violet flame, 
appearing crimson 
through the indigo- 
prism. 

Outer flame: brown, 
hot ; green, cold. 

Inner flame : green, 
hot and cold. 
Broton colour not 
reappearing in the ! 
outer flame. ^ 



Inference. 



Presence of a neutral 
chromate. 

Probable presence of an 
alkali-salt. 

Presence of some dis- 
solved solid. 



Absence of organic add- j 
radicle. 

Absence of NB!4. 



Presence of K. 



Presence of Gr 
chromate. 



ai a 
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Examination for the Metal. 

Since the liquid was alkaline in reaction, added to a conall 
portion of it a few drops of HNO3 until it became acid, this 
produced no precipitate. 

To another portion added HCl, the liquid turned from yellow 
to orange red, indicating presence of a neutral chromate : — 



Vo 
precipitate. 
Absence of 
OroupL 



Then added HjS-wster and wanned : 



The liquid be- 
came green, 
and white 
8 was de- 
posited: 

Presence of a 
chromate. 



To another portion of the original solution added AmCl, then 
AmHO, no precipitate form^ : then added Am^S and boiled : 



No precipitate in the cold, 
but on boiling a green 
flocculent precipitate gra- 
dnally formed, evidently 
consisting of CrsHo« re- 
duced from the chromate. 



Added to another portion of the 
solution AmCl, AmHO, and 
Am^COs : 



No precipitate. 
Absence of 
Group IV. 



Added to the 
same portion 
NatHPt)4 and 
stirred: 

yo precipitate. 
Absence o/Mg. 



Since K was found by the flame coloration in the pre- 
liminary examination, its presence was confirmed by stirring 
a portion of the solution, to which a few drops of HCl had 
been added, with PtCl^ on a watch glass; a yellow crystalline 
precipitate forming on the lines rubbed by the rod: — Pre^ 

sence of K, 

Found E, CrO^ . 

C. A white crydalline substance given for analysis. 
Boiled a small portion with water; it dissolved completely. 
Preliminary Examination for the Metal, 



Experiment. 


Observation. 


Inference. 


1. Heated in a smaU dry test-tube. 

2. Dipped a loop of moistened pla- 
tinum wire nto the powdered 
substance, moistened with strong 
BCl and held in the Bunsen flame. 

8. Heated a small portion in a cavity 
on wood charcoal in the inner blow- 
pipe flame. 

4. Fused on charcoal in the inner blow- 
pipe flame with NajCOt and KCy. 


The substance gave off red 
fumes and oxygen gas, 
which inflamed a glow- 
ing splinter of wood. 

It left a yellow residue. 

A pale blue flame. 

Deflagration occurred. 

A white malleable globule 
remained which easily 
marked paper. A 
yeUow incrustation. 

Same result as with 8. 


Presence of a nitrate of a 

heavy metal. 
Presence of Pb, Sn, or Bi« 

Presenee of' As, Sb, Pb. 

Presence of a chlorate or 
nitrate. 

Presence of Pb. 
Presence of Pb. 



ExaminaHon for the Metal in Solution. 

Boiled a portion of the powdered aubstance with water," 
cooled, added HCl to a part of the clear solution, a white 
precipitata waa formed, which disappeared on toiling, hut 
appeared t^ain in the crystalline form on cooling the liquid 
{probable presaiice of Pb). 

Confirmed the preeenoe of Pb by decanting the liquid and 
boiling the precipitate with AmHO, it remained white and 
did not disaolve; decanted the ammoniacal liquid, diasolTed 
the precipitate in a little KA, and added KgCrOj, a yellow 
precipitate ; — Presence of Pb . 

Since a nitrate was found in the preliminary examination, 
its presence waa confirmed by adding strong HjSO, to the 
aqueous aolution of the substance, and pouring solution of 
FeSOj carefully upon the cooled liquid in a test-tube; a 
hrown ring formed on the surface of the acid: — Presence of 

Also some of the solution when heated with Cu and strong 
HjSO^, evolved reddish brown fumes: — Presence of NO^. 
Found.— Pb, NO^. 



D. A white poicder, eniittim} no smell, given for analyaU. 

Boiled some of the powdered euhatance with water, it did 
not dissolve: added a few drops of strong HCl and boiled, 
the substance dissolved completely (absence of Group L) 
without eflerveacence. 

Preliminary Examination for the Metal. 



EipeHmenl. 




lnfera.«. 


1. Hefttod In > imiUl dry tejt-tnbe. 




Absanea of rolittlii B> 
tiulbla BUbBtanw »>' 
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Bacamination of the solution. 

To a portion of the HCl solution added HgS- water ; no 
precipitate : — Absence of Group IL 

To another portion of the HCl solution added AmCl aod 
AmHO in excess, a white flocculent precipitate : then added 
Am2S, the colour of the precipitate was unchanged. 

To a few drops of the HCl solution added KHO drop by 
drop until a white flocculent precipitate formed, then added 
excess of KHO and boiled, the precipitate did not dissolve, 
and it did not become discoloured in the air : — Presence of 
Ba, Sr, Co, Mg as phosphatCy oxalate, <kc. 

Added a drop of the original HCl solution to some 
AmHMoO^ solution in a test-tube and warmed gently, a 
yellow precipitate : — Presence of PO^ . 

To another portion of the cold HCl solution added AmHO 
drop by drop whilst constantly stirring until a precipitate 
formed which did not redissolve, then added HA and NaA 
solution until this precipitate dissolved when the liquid was 
well shaken. FcgCl^ was added until the liquid appeared 
red, it was then boiled and immediately filtered. To the 
ffitrate AmHO was added in excess and the precipitate 
filtered off, then AmgCOg was added, a white precipitate 
formed : — Presence of Ba, Sr, or Co, 

Filtered and dissolved the precipitate by pouring upon it 
a few drops of boiling HCl ; dipped a loop of platinum wire 
into the solution, and held it in the Bunsen flame, a red 
flame appearing dingy green through the indigo prism : — 
Presence of Gcu 

A few drops of the solution boiled with CaSO^ gave no 
precipitate, proving tJie absence of Ba and Sr ; the presence 
of Ca was therefore confirmed by the formation of a precipi- 
tate on adding to the rest of the solution excess of AmHO, 
and then AmgCgO^. 

Found Ca, PO^ . 



E. A white odourless powder given for analysis. 
Boiled a portion of the substance with water, it did not 
dissolve: added HCl and heated again, it dis^oWe^ corev- 
pletely (absence of Group I.) without efierveacence. 
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Preliminary Examination. 


i 


Bipfnmei.t. 


Observation. 


Inference. 


1. HcBleds portion iDS 


The aul,Bt>nee hlackeneii 

whjcb turned a drop oi 
lime-water milky. The 
residue in tbe lest-tube 

vhereag the original 
BUbslaaeB did not. 


ealt or K, Na. Ba, Sr. 
Ca,orMg. 


2. Held B portion of (be 

pl^^m^re i™^the 
Bunaeu Home ; than 
moistened wltb HCl 
and again heU in tba 
flsme. 


ing dotty preen thruush 
tiieindigo-prtain. 








8. Heated on i^harcoa] la 
inneF blowpipe flame. 


mointeuei on red lit- 
niu. paper tnmad it 


».„„.„., „.c^ 



Examination for the Metal. 

Added to a portion of the HCl Bolution s 




3- water. 

To another portion of the HCl solution added 
AmCl then AiiiHO in excess, a while preeipitalt 
formtd; added Am jS, the colour of the precipi- 
tate remained unaltetei 

To another portion of the solution added KBO 
drop by drop until a precipitate fonned. then 
more KHO and hoiled ; a white precipitate in- 
Boluhle in EHO, and not darkening in the air ; 
— Freasnee of oxalaie, phosphaU, ite., of alkaiine 

Since the pcsBancBofan oxalate of an aUtaB- or alka- 
line earth-metal was iudicated in tbe preliminBT? 
ezamination, a portion of the origiual aulistonce 
vaa heated on platinum foil, then disBolved in 
HCl (eifervescence) itnd to the solution excess of 
AmHO and of AnijCOj wua added. The liquid 
nas warmed and put aside till the preHpitate 
Bntieided, then the liquid was decanted and the 
precipitate diHsolrad in a few drops of HCL 

A pktinnm wire dipped into this HCl solntion 
gave a red flame coloration, appearing ifiuly- 
green through the inciign-prism .- — FreMnu of 
Oa. [Confimied hy another portion of this HCl 
Golntion giving a white precipitate nilh acta 
of AniHO and Ani,C,Oi . ] 
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The piesence of C2O4 was confiimed by heating some of 
the onginal substance with strong H^SO^ : gases were evolved 
which rendered milky a drop of lime-water and burnt with 
a blue flame, showing presence of CO2 and CO : — PresencQ of 

Found COf C^O^ . 



F. A yellow metaUic-loohing svhstance given for analysis. 
Preliminary Examination, 



£3^>erimeiit. 


Observation. 


Inference. 


1. Heated a portion of 
the substance strongly 
in a smaU tube closed 
aft one end. 

1 

S. Heated strongly on 
charcoal in the inner 
blowpipe flame. 

8. Heated a fragment 
stronglyin aglass tube 
(^pen at both ends, 
and held obliquely 
in the flame. 


A yellow sublimate 
formed which melted 
into brown drops: a 
smell of burnings was 
evolved, and a piece of 
paper dipped into 
ksCrjO; solution when 
placed in tiie mouth of 
the tube became green. 

A brown residue left. 

Strong smell ofbuming S. 
The residue fused into 
a dark-coloured glo- 
bule, which when cold 
was strongly attracted 
by the magnet. 

A gas was evolved which 
had a suffocating smell, 
and which turned 
EsCrjO? paper green. 


Presence of S. 
Probable presence of Fe . 

Presence of S . 
Probable presence of Fe 
SO2 from combustion of S 



Solution of avhstance. 

Warmed the powdered substance with a mixture of strong 
HNO3 and HCl, it dissolved completely ; boiled down in an 
evaporating dish, adding strong HCl several times; when 
nearly dry, diluted with water. 

Examination of the solution for the Metal, 

Since the substance dissolved entirely in the presence of 
HQ, Group I. is absent ; to a portion of the solution added 
HjS-water : — 
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The solution be- 
came coloarless, 
andtchiteSwaf 
precipitaUd :— 

Probable presence 
Hf a/erric iatt. 



To another part of ths solution added AmCl, then , 
excess of AmHO, a brown iloccnlent precipitate ' 
farmed : to a. fresh part added excess of KHO, 
brovn Soccnlent precipitate insoluble ia £H0, 
Preaertce of Fe'". 

Confirmed the presence of Fe hj adding to a fresh 
part of the original solntion KCvS solutian, a 
blood-red soltUion : Fresenac of Fe . 



Confirmed the presence of S by adding to a part of the 
original solution BaCij, a white precipitate formed ■which did 
not disappear on boiling ■.—FrBsenee of 80^ derived from 
oxidation of sulphur. 

Found Fe, S. 



G. A white powder given for analysis. 

Boiled a small portion with water, it did not diasolva 

Boiled another portion with HCl, it did not dissolve : 
added HJTOg and heated again, the substance was not 
dissolved. Hence the substance is insoluble in water and 
in acids, and since it is white, it can only ha BaSO^, SrSO^, 
{CaSO,), PbSO,, (PbClj), AgCl, SiOj, ALjOg, SnOj, Sb,0„ 
or CaFj. 

Poured Am^S upon some of the eubstance ; Its colour ntl 
unchanged, ^■obable absence of Fb, Ag, Sn, Sb. ■ 

Preliminary Ezaminaticn. 



A 



Eip«rlinent. 




InfeiwtM. 


1. Took lome ot the 
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and held in tte Birn- 










1 






p 


NaJJO, on charcoai 
In HiB inner blowpipe 
flame, placed tEe 
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ExaminaMon of the soluHon. 

Fused some of the powder with fusion mixture on platinum 
foil : boiled the cold mass with water, filtered. 

FUtrate : made acid with HCl and added BaClg, a white 
precipitate, which did not disappear on boiling the liquid : — 
PreaeTice of SO^ . 

The residue on the filter was well washed with boiling 
water, and boiling dilute HCl poured upon it, it dissolved 
cobipletely : — 



Abaence of 
OroapL 



To a portion added strong HjS-water and heated : 



No preci- 
pitate. 
Absence of 
Group n. 



To another portion added AmCl, then AmHO in excess, 
then Am2S, and boiled : 



No preci- 
pitate, 
Abisence of 
Gronp m. 



To another portion of the original solution 
added AmCl, AmHO, and AmjCOs : 



A white precipitate : Presence of Ba, Sr, 

or Ca. 
A platinum wire loop dipped into the 

original solution gave a yellowish-green 

tint to the Bunsen iSame : 
Presence qf Ba . 



F<mnd Ba, SO^ . 



SECTION YI. 



FULL ANALYTICAL COURSE AND TABLES, 



INTRODUCTORY REMARKS. 

After having tried the reactions in the fourth Section and learnt how 
to detect the members of each group occurring singly or together, 
substances containing any members of any or all of the groups should 
be analysed. The substance given for analysis should be either a 
liquid or a solid, since the full analysis of a gaseous mixture is not 
provided for in the following course. 



Prbuminary Examination of Complex Substances. 

374. Before proceding to employ the full course of 
analysis for substances of complex composition, it will be 
well to examine a few substances for metals and acid-radicles 
by the preliminary tables given in paragraphs (383, 384, 
385 et seq.) For a detailed account of any of these tests 
the student must refer back to the description given of it 
in the fourth Section. 

375. A little study of these Tables (388-415), will show 
that they contain certain principal tests marked thus — 
"Exp. I."; these stand in the first column: in the second 
column are placed the results which may be noticed on 
trying these experiments, a glance through these will fore- 
warn the student of what has to be looked for. The main 
classification of the observations which may be made is 
indicated by large-type letters, the subsidiary divisions are 
marked by small numbers and italics, and the individual 
results are simply placed in succession in a vertical column. 
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Occasionally an observation is made which it is advisable 
to confirm by an additional experiment: this confirmatory test 
is then entered in the first coliunn just below the original 
observation, and is marked Confirmatory to distinguish it 
from the main experiment ; its results are placed beside it in 
the second colimm. The student must understand that any 
of the results entered in the second column may be obtained. 

A few salts and mixtures such as those mentioned in (560) 
should be subjected to a careftd preliminary examination by 
the student, and the results obtained should he carefully entered, 
as soon as they have been obtained, in the tabular form as is 
shown in (488). 



Full Examination op Substances in Solution. 

After having become familiar with the preliminary 
examination of solid substances the student shoidd fiilly 
analyse some easy substances containing only a few metals 
and acid-radicles, beginning at paragraph (385) and follow- 
ing up the preliminary examination by dissolving the 
substance and making a systematic examination of its 
solution. In examining the solution for metals the follow- 
ing general explanation shoidd be attended to. 

376. It is necessary first to separate the metals into groups 
by adding the group reagents in such order that each 
precipitates the metals of one group only, leaving in solution 
the metals of all other groups which may be present. 

This is effected by adding the group-reagents as is 
directed in the General Table (419); the Group Table on 
pages 178, 179, furnishes a convenient explanation of this 
scheme. 

The first reagent added is HCl, which precipitates only 
the metals of Group I., and leaves the metals of Groups 
II., III., IV., and V. in solution; hence if a precipitate is 
obtained on adding excess of HCl, it is filtered off, and any 
member or members of Group I. will then be present upon 
the filter, whilst the members of all other groups remain in 
the filtrate. 



INTItODUCTOEY REMARKS ON THE [377! 

On paasing HjS into the filtrate*, metals of Group I& 
alone will be precipitated and nmy be filtered off. 

The filtrate*, after removal of HgS and oxidation of oajl 
Fe by boiling it with HNOg, may be miied with AmCl b 
excess of AmHO ; the AmHO will precipitate any i 
of Group III.A, Group III-B and Mg remaining dissolved 
by the AmCl. 

The addition of Am^S to the filtrate* will then separatflj 
Group III.B as sulphides. 

Group IV. is precipitated torn the filtrate* by the It 
group reagent AmjCO^, and the filtrate* is examined fa 
Group v., the members of which, not being precipitated bj 
any group reagent, may now be present in solution. 

377. Addition ofTeagenti in excess. — Each group must bS 
completely precipitated before adding the nest group reagent; 
hence it is necessary, if any precipitate has been formed by 
a group reagent, to add that reagent in ejccees before pro- 
ceeding to add the nest one; unless the presence of each'i 
reagent in excess is made certain before proceeding, muo)M 
confusion may be caused. ^ 

The general method for ascertaining that a group reagent * 
is present in esceas consists in adding a few drops more of it 
to the liqiiid, which has been rendered clear by letting the 
precipitate settle or by the filtration of part of it; if any 
fiirther precipitate is formed, the whole of the liquid should 
be well stirred with more of the reagent, and the clear 
filtrate again tested in the same way; this process must bo 
repeated until no further precipitate is caused. 

In eertjiiu cases this method of proceeding is rendei 
unnecessary, the excess of a reagent being detectable by ii 
smell after the solution and reagent have been well mizeil,' 
and the air above the liquid has been blown out. This is 
the case for esample with H^ and with AmHO. In other 
cases, as for example with yeUow Am^S, the excess is si 
by the colour of the filtrate. If, however, an acid o 

litate to bsTe been obtained, i 
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line substance is to be added in excess, the student should 
always prove the excess by the use of test papers. 

378. Washing gr(mp precipitates. — Before examining each 
group precipitate it is necessary that it should be washed 
thoroughly fix)m adhering solution, as is described in Exp. 
52 (31) ; this must also be done in the separations by 
filtration described in the Group Tables. If the washing 
has not been satisfactorily carried out many complications 
may arise. 

379. Evaporation before precipitating the Third Group, — 
Certain organic substances hinder or prevent the precipita- 
tion of the members of Group III.a. by AmHO : these are 
usually detected in the preliminary examination, and if they 
are detected, it is necessary to destroy them by evaporation 
and ignition before proceeding to precipitate Group III. 

Evaporation to dryness and gentle ignition are also neces- 
sary to separate SiOg, which, if it remained in solution, might 
be mistaken for AlgHgO^. 

But if organic substances, borates, fluorides, and silicates 
are known to be absent, it is sufficient to boil the filtrate 
firom Group II. untH it no longer smells of HgS, then add 
a few drops of strong HNO3 and continue to boil the 
liquid for several minutes, in order to completely remove 
HgS and to convert ferrous into ferric salts. 

The separation of the subgroups III.a. and III.b. in the 
general Table (419) is never complete: for an account of 
more exact methods the student is referred to paragraphs 
(459 et seq.). 

The method of examining the precipitates in Group III. 
may also be influenced by the presence of a phosphate in 
the solution: this is fully explained in (463). 

880. It will be seen that the full course of analysis is so 
arranged that it serves not only to detect what is present in 
a substance, but also to prove that all else is absent: this 
is usually the object in view when analysing an unknown 
substance. 
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The process may in most cases be shortened by using 
separate portions of the solution: the plan adopted in the 
general Table of working throughout with the whole of the 
solution is however preferable, since it enables the analyst 
to form an opinion as to the relative quantities of the different 
substances present; and this is usuaUy important. 

An example of entry of results is given in (488) ; it 
will be seen that the form adopted is that of the Analytical 
Tables. 

Substances for analysis are mentioned in (560, 561) 

The student will do well at first to gain much experi- 
ence in the analysis of easy mixtures, which are com- 
pletely soluble in HCl and contain no cyanogen, organic 
salts, silicates, or phosphates precipitable in the Third 
Group. The analysis will thus be much simplified, since 
it will be unnecessary to evaporate the filtrate from the 
second group to dryness, or to follow any special method of 
precipitating and examining Group III. 

When the ordinary course of analysis has been mastered, 
substances should be attempted in which the above com- 
plications exist: and finally minerals, water residues, and 
artificial products and bye-products should be analysed, in 
which minute traces of their constituents are carefhlly 
looked for. 

It will be unnecessary to do more than mention the ex- 
treme importance of the spectroscope in rapidly discovering 
certain substances, especially when they are present in 
minute quantity only (42). 



ANALYTICAL TABLES. 



GBNBItAL COURSE OF ANALYSIS FOR 
SOLID AND LIQXHD SUBSTANCES. 



381. Unless cyanogen is known to be absent, it must be 
tested for in a small portion of the substance by the tests 
described in (304, 306). If cyanogen is detected refer to 
(482 et seq,) for the preparation of the solution and the 
method of analysis. If cyanogen is not present, the sub- 
stance is examined by (383, 384) or by (385 et seq.) 
according as it is a liquid or a solid. 

882. A silicate may also be tested for by fusing some of 
the finely powdered substance in a bead of microcosmic salt 
(294). If a liquid is being examined, a portion of it is 
evaporated to dryness, and the solid residue is then 
examined. 

I. THE SUBSTANCE FOR ANALYSIS IS A LIQUID, 

883. Test it with blue litmus paper and with either red 
litmus or turmeric paper : one of the following results will 
be obtained (34) : — 

1. It is neviraZy not changing the colour of either paper : this shows 
the absence of acids and {JkaUs and of salts with acid or alkaline 
Inaction. The salts of Ag and Mg and certain salts of Am, Na, K, Ba, 
5r, and Ca are the only neutral soluble salts. 

2. It is acidf turning blue litmus red : this proves the presence of an 
^pid, or of a salt with acid reaction. 

3. It is alkaline, turning red litmus hli^, or turmeric hrovm: 
indicating the presence of Am, Na, K, Ba, Sr, or Ca as hydroxide, or 
Pf a salt with alkaline reaction. 




ANALYSIS OF A COMPLEX SOLID. [384, 385. " 

384. Evuporate a few dropa of the liquid upon platinum 
foil, thin glnss, or porcelain, smelling it occasionally ;— 

1. A residue w i^/i — ExBminB the liquid by the further prelirainary 
tests in (334) : or eFaporate a partioa of the solution to dryness in a 
porcelain dish, Bvoiding heating the substance after It is dry, and 
examine the residue by the preliminary tables for metala and acid- 
radicles (S8B-417). Eiamine the larger part of the solution for metab 
by the general Table (419) paying attention to (420) : reservB the 
rest of the solution for the examination for acid-radiclea by (440 
etseg.). 

2. JVo residue ia l^ — The Uquid must consist of aome volatile 
substance, probably of water ; this la cither pure or contains certain 
gases or yolatile substances such as (NHj)sCOa, CO,, NHj, HCl, Br. 
These may be detected by their smell, by the action of the liquid on 
litmus paper, or by special tests. If tho liquid has no action on 
litmus, no amell, leaves no residue on eraporationand is tasteless, it is 
pure Tvatiir. 



II. THE SUBSTANCE FOR ANALYSIS IS A SOLID. 

385. Carefully note the appearance of the substance. If 
it is luBtrouB and metallic, refer to (467) for the method of 
analyais ; if it is non-metallie in appearance, proceed to 
further examine the substance as follows. 



Note down anything that can be learned about the physical 
properties of the substance by the use of the senses, aided 
by a magnetised penknife blade and a lens or microscope. 

Note especially whether the substance consists of more 
less sparkling particles with similar geometrical shape, w! 
it is said to bo crystalline; or whether the particles 
amorphous and irregular in shape. 

Also test the hardness, by ascertaining whether it 
readily powdered ; or, if the particles are sufficiently laige, 
by linding the ease with which they are scratched by the 
point of a penknife ; very hard substances, such aa quarts, 
cannot be scratched by a knife. 

Try whether it is magnetic by immersing the tip 
magnetised blade into the finely powdered substance, 
seeing whether the particles are attracted ; Fe and cei 



ided 

i 
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of its compounds are the most powerfully magnetic bodies 
known, but Mn, Ni, Co and certain of their compounds 
are also magnetic. 

Note also whether the substance possesses any charac- 
teristic miell or colour. The following are some of the 
more commonly occurring coloured compounds : — 

Bliie : hydrated cupric salts, and anhydrous cobalt salts. 

Oreen : certain Fe" salts are pale green ; CuClg, salts of Ni, man- 

ganates, and certain compounds of Or, are intense green. 
Yellow : HgO, normal chromates ; Fe'" salts are brownish yellow. 
JRed : HgO, Hgl„ HgS, Pb804 ; dichromates are orange red. 
Fink : salts of Mn are delicate pink ; hydrated salts of Co are 

reddish pink. 
Brmon : Fe^Og, PbOj ; PbO is light brown. 
Black : CuO, MnOg, SbjSs, FeS. 

JFhite : anhydrous salts of Cu and Fe", and many other substances. 
Colourless: a large number of colourless substances are known ; 

these, as well as many of the faintly coloured bodies, yield 

white powders when crushed. 

886. After completing the above examination, the solid 
substance is reduced to the finest powder possible by rubbing 
it in the mortar. An ordinary Wedgwood mortar may be 
used for powdering substances which are pretty soft ; but 
hard rocks and minerals frequently require to be first 
crushed in a clean bright steel mortar, by blows of a 
hammer, and to be afterwards pulverised in an agate 
mortar. 

The subsequent chemical examination of the substance is 
very greatly facilitated by carefully reducing it to an 
impalpable powder, which does not feel gritty when rubbed 
beneath the pestle or between the fingers. 

887. A portion of this powder is submitted to the tests 
described in the following preliminary examinations for 
metals and acid-radicles : the remainder being reserved for 
the fuller method of examination by solution {US et seq,). 
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SiperlineDi. 



890. CMi^frmatofv.— Pour 
a little strong KHO solu- 
tion upon some of the 
substance and heat to 
boiling; or mix some of 
the substance with soda- 
lime in a mortar, and 
moisten and heat. 



891. Cor^rmatory.—'Exsr 
mine the drops of water 
on the sides of the tube 
with blue and red litmus- 
papers. 



392. Confirmatory. — In- 
troduce a burning splin- 
ter of wood into the 
tube. 

398. Cof^trmatory. — In- 
troduce a glass rod, 
moistened with lime- 
water, into the tube. 



394. Cof^lrmatory. •— In- 
troduce a glass rod or 
dip of paper moistened 
wtthKsCrsOy. 



Observation. 






396. Cof^brmatory, — In- 
troduce a glass rod car- 
piece of moist 



rring a 
litmus. 



896. ConJIrmatory. — In- 
troduce a glass rod with 
moist starch powder on 
its end. 



IfHg is given off, known by its 
smell and by turning moist red 
litmus-paper blue or turmeric- 
paper brown; the change in 
colour is only a trustworthy in- 
dication if it occurs very soon, 
as the NHs in laboratory air 
often causes it to occur after a 
time. 



4. The substance gives off toater. 

It fuses first, then gives off water, 
and again becomes solid if the 
heat is continued. 

It swells up considerably whilst 
giving off its water. 

The water is alkaline. 

The water is acid. 



6. Oas or vapour is given off*, 
a. It is tnthout smeU. 

It bums more brightly, and if in- 
troduced with a spark at the end 
is inflamed. 

The flame is extinguished. 

The lime-water turns milky. 

The lime-water does not turn 
mUky, but the flame is ex- 
tinguished (392). 



h. The gas or vapour has a smeU. 

Smell of burning S. 

The KoCrjOr turns green; moist 

blue litmus is also reddened by 

the gas. 

Beddish-brown nitrous fumes are 
given off, known by their pecu- 
liar smell, and by not colouring 
starch paste orange red. 

Smell resembling CI :— 

Yellowish gas, which bleaches 
moist litmus. 



Brown vapour, which colours the 
moist starch powder orange red. 

Violet vapour, which colours 
starch solution blue. 

NH3 is smelt. 



Inference. 



Presence of NH4. 



Presence of water, ab- 
sorbed or combined. 

Water of crystallisa- 
tion. 

Borax and certain 

borates, alums, and 

phosphates. 
Probably NHf-com- 

poundis. 
Presence of volatile 

acids, e.g.t HNOg, 

HCl, H2SO4 . 



from chlorates, 
nitrates, peroxides, 
&c.; or possibly NsO. 

COjorN. 

CO2 from carbonates, 
oxalates, &o. 

N from AmN02 pro- 
bably. 



SO3 from combustion 
of free S, or from acid 
sulphites, thiosul- 
phates, reduction of 
sulphates or oxida- 
tion of sulphides. 

Nitrates of heavy 
metals (e.g, of Pb, 
Bi, Hg. &c.) 



CI from certain chlor- 
ides. 



Br from certain bro- 
mides. 

I, free or from certain 
iodides. 

NH4 or cyanogen com- 
pounds. 



ft^*?^ ^"^ usually be shown by effervescence of the substance; if the gas or vflc^wa N% 
S?i ?®tected by its colour or smell, it can only be found on teating Iot W, sQ^ci'aXiN Vs ^!!M 



•"^(893). 
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Probable absenoa el 
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Szperiineiit. 



400. C<mfirmatory.r—tlLoiB- 
ten the lenidae on the 
charcoal when cool with 
several drops of Ck)(N08)s 
solution, and heat again 
strongly in the outer 
blowi^pe flame. 

401. CSofyfrmotory.— Heat 
a small quantity of the 
substance in a clear co- 
lourless borax bead, first 
in the outer, then in the 
inner blowpipe flame. 



402. Confirmatory.— 'The 
presence of Mn and Cr, 
may be conflrmed by 
funng the substance 
with NasCOs and KNOt 
on platinum loiL 



408. Cor^lrmatory.— Heat 
also some of tiie sub- 
stance, mixed or covered 
with powdered KCy and 
KajGOs or KspsO^, on 
charcoal in the inner 
blowpipe flame. 



404. Cor^frmatory. —De- 
tach several of the glo- 
bules with the point of 
a knife, and strike them 
on the bottom of an in- 
verted mortar with the 
pestle; if they flatten to 
a cake they are maUe- 
dbie, if crushed to a 
powder they are brittle. 
Try also tf a globule, 
fixed on the point of a 
knife, marks paper. 

Ifote.—The appearance 
id malleability of one 
duoed metal is fre- 
ently much altered by 
« nresence of another. 



Observation. 



A blue residue, the colour of which 
does not disappear with intense 
heat. 

A pink residue. 

A green residue. 



2. The residue ia coloured. 
Colour of bead : 



In outer fiame. 
Oreen, hot, and ) 

blue, cold. j 
Blue, hot and i 

cold. 
Violet, hot, and 

yellow, cold. 
Brown-red-hot: 

yellow, cold, j 
Oreen, hot and 

cold. 
Reddish purple^ 

hot and cold. 



} 



In inner fiame. 
Colourless^ or ^ 

redy cold. ) 
Blue, hot and \ 

cold. ) 

Orey or op<tque. 

Olive green, hot ) 

and cold ) 

Oreen^hot and). 

cold. r 

Colourless, hot \ 
and cold. ) 



Light-yeUow mass on cooling. 



Blue-green mass on cooling. 



8. The residue is etdoured, or me- 
taUie scales or globules are seen. 

The substance is reduced to the 
metallic state. (See 407.) 

a. Without incrustation. 

BriUiant white metaL 
Yellow metal. 
Red scales or globules. 
Grey powder, attracted by a 
magnetised knife-blade (407). 



b. With incrustation. 



Globules. 
White, malleable, 
not marking 
paper. 

WhiU, brittle. 

White,m€Ule{ible, 
marking paper. 

White, brittle, 
giving white 
fumes. 

White or none. 

White or none. 

None. 



Incrustation. 
None, or very 
slight. 



Orange, hot. ) 
Yellow, cold. ) 
YeUow, hot and 
cold. 

White, close to 
substance. 



} 



Yellow, hot. 
White, cold. 
Red-brown,es^y 

volatilised. 
White, and white 

fumes ; smell 

of garlic. 



Inference. 



AljOs, and some phos- 
phates, silicates, 
and borates. 

MgO. 

ZnO. 



Cu. 
Co. 
Ni. 
Fe. 

Cr. I 
Mn. j 

Cr. 



See (402). 



Mn. (See 406.) 



Au, Ag, Cu, Pb, Sn, Sb, j 
Bi ; [Co, Ni, Fe. Mn, 
form grey powaers]. 

Au, Ag, Cu, Co, Ni, 
Fe, Mn. 

Ag. 

Au. 

Cu. 

Fe, Co, Ni, Mn. 



Sn. 



Bi. 
Pb. 

Sb. 



Zn. 
Cd. 

As. 



\ 
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uater, ujd let >t<md tor 




aralnatioB tor acid- 


teveral minulf a. 




rBdi<iIea:ltli, however, 
bart tried Here. 






PttBLtKrNART TaBLE. 



406. ThB groen poloor produced by Mn conr^pala the light yellow J 
dae to Cr ; ou hoiliug the residne with water it gives a pink or purpla . t 
aolution, the colonr of which is best seen on filtering ; this colonr ia dns 
to the formation of E^InO^, and shows Mn to be present. On acidifjdng 
this Bolatioa with HA aod boiling again far seveml minntes, the pnrple 
colonr is destroyed; and on filtering, the jeUow colour due to Cr is 
seen : the i>rdBence of Cr may be further oonfimied by tho fonQiitJon 
of a yellow precipitota in the acid Bolation on addition of PbA, . 

407. The metal is best Bcparated and elamined by detaching tha 
masB when cold from the eharcoal, and powderiug it by crushing in » 
mortar or on a watch glass with a little water, letting stajid for a short 
time, and then qnicldy pouring off the wtter down a, gUss rod or 
pestle which is wetted and presaed against its edge ; by sevanil times 
repeating this operation, the heavier meUllic particles alone are left ii 
the mortar or watch glass (10). 

406. yote. — When the substance to ha examined contains Beveral 
bodies, they frequently more or less mask ouu another's reactions: thus 
Co if mixed with 7e will give a bead greea whilst hot and blue when 
cold, tbufl resembling Co, but dilfering in remaining blue in the i 
flame: hence the composition of many complex miitnres is only roughly 
indicated by the Preliminary Esamiuation, and must be confirmed ai ' 
established in the wet way. Many substanceg, more particularly 
minerals, however, can be completely analysed by a caieful Prelimiiury 
Examination. 
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PRELIMINAKY EXAMINATION FOR ACID- 

RADICLES. 



410. The substance is required for this examination in the 
state of powder or of strong solution. 

If the substance given for analysis is a solution, part of it 
may be evaporated to dryness : the dry residue is then finely 
powdered and subjected to the following tests. If several 
acid-radicles and metals are present, the reactions may be 
more or less perfectly concealed or altered, hence failure in 
obtaining a certain reaction does not in all cases necessarily 
prove the absence of an acid-radicle. 



Bxperiment. 


Observation. 


Inference. 




4U. KXP. I— Treat 
some of the sub- 
stance with dilute 
HCl and note the 
result, then heat 
moderately. 

Dip into the HCl solu- 
tion a strip of tur- 
meric paper. 


One or more of thefoUowing 
gates may he evolved :— 

A colourless gas without 
smell, which turns milky 
a drop of lime water on 
the end of a glass rod. 

A gas of suffocating smell, 
which turns a drop of 
E2Cr207 solution green. 

Yellow S is precipitated 
at the same time. 

A gas with fetid odour, 
wUch blackens a drop of 

PbAj solution, or a piece 
of lead-paper (416). 

Beddlsh fumes. 

A yellowish green gas, of 
simocating smell, which 
bleaches moist litmus 
paper, is evolved :— 

a. In the cold; and also 
evolved on adding HA. 

b. Only when heated. | 

A colourless gas, smelling 
of bitter almonds. 


CO2 from a carbonate. 

SO2 from a sulphite, or 
from a sulphate in the 
presence of A82O3 or other 
reducing substance. 

SO2 and S from a thio- 
sulphate. 

H2S from a sulphide ; or 
possibly from a sulphite 
or thiosulphate, if Zn or 
other reducing agent be 
present.. 

N2O8 from a nitrite. 

01 from hypochlorites. 

01 from action of HOI on 
oxidising substances, e.g., 
Mn02, chromates, ni- 
trates, chlorates, &c. 

HCy from a cyanide. 




On drying this paper at a 
gentle heat, it becomes 
reddish brown. 


Presence of a borate (?^). 


\ 



rRELIMINAEY EXAMINATION 



[41S-414. 



413. Exp. 11. — 

another portJun gBntly 
witb itron^i H,ao,. 

paid lo BiueB evolved 
ixp, I. (UIX 



413. Canfiraiatory^Dinp 
Intothehutllqaldafew 

If no hrowu himeB tie 
eea prooewl to <4U). 

414. CWEmuilori;.— Boil 



H^,. cool, and pnu 
cold folntloD Dt Peso 
esrefdlly In nnon ttai 
ottbsiu^ldUqiiid. 



A pelUne gu 1> alvea 
on wtth BtrcDg anielL 
which blouDhes moist I 
lltmos-paper (4 IT). 

luoiat Btaroh pov 
otMige red. 1 

Viiltt vapour la givBO 
off, which < ■ 
of starch pi 

H. A heavy fimilng hi 



evolved, 



and the Uqilid b' 
gTBjay ; on liiuL] „ 
It tharoii«hly, tlia in- 
corroded and dimmed. 

reddiih, uniall; seea 
only un hoMtis Bttor 

otCn. 

Adark bn 

Burtace ol 
beat Dtilahic 

merging ths t^tliba 



and bleachet Utmni . 
an heating the add 
exploBlon or crackling 



. The BUbitance chatigea 



by holding a molalei 
glasa rod in the gag, S 
ii deposited aa a gi 
tlnooi mm upon It 

Freasnee of nitrate. 

If iodide ia preiWD. .. 
tnuat;u«uatly be separated 
by Ca^Oj (aw) bet.— - 
nlmiecanlwdetec 



For detection 

rate and ohloralo »betl 

uiied, see («68). 
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Experiment. 



415. Cof^brmatory.— Add 
a little alcohol to the 
substance and heat 
with HsSOf. 



Observation. 



6. Yellowish g^reen gas, 
with suffocating smell, 
which bleaches moist 
litmus. 

7. The same gas as in 6, 
but colour^ reddish 
broton by nitrous fumes : 
or coloured reddish 
brown by CrOClj. 

8. Substance does not 
blacken, but evolves CO 
which bums with a blue 
flame, and CO3 which 

' turns a drop of lime- 
water milky. 

9. Substance blackens, 
and SO3 is smelt. 

10. A smell of acetic acid 
or vinegar is noticed. 



Strong fragrant odour. 



Inference. 



CI from a hypochlorite 
^detected already in 41 1), 
or from a chloride in 
presence of MnOj Ac. 



A chloride in presence of 
a nitrate or nitrite. 

A chloride in presence of 
achromate. 



Presence of an oxalate. 



Presence of a tartrate. 



HA from an acetate. 



Ethyl acetate from an 
acetate. 



Notes on the pbegedino Table. 

416. The S present in sulphides Which are not decomposed by dilute 
HCl, is detected by fusing the powdered substance with two or three 
times as much fusion mixture (Na^COs + EgCOs) in a covered crucible, 
boiling with a little water, and placing a drop upon a bright silver 
coin, when a dark stain will be produced ; or by adding excess of an 
acid to the solution, when H^S will be evolved. Smaller quantities of 
8 may be detected by the formation of a black colour or precipitate on 
adding PbA^ to the solution of the fused mass. 

417. Chlorides treated in this manner evolve CI, recognised by its 
Colour, smell, and bleaching action on litmus-paper ; but this test for 
chlorides is trustworthy only if the precautions stated in (259) are 
Attended to, since many samples of MnO, evolve CI when warmed 
Mth H^04 . 
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EXAMINATION FOR METALS. 



The preliminary examination of the solid substance must 
be followed by preparing a solution of it^ and submitting 
this to the more full and systematic examination, which 
commences in (419). This is often termed "The Examina- 
tion in the Wet Way." 

Process op solution. 

418. A portion of the solid, reduced to an impalpable 
powder (386), is boiled in a flask or boiling tube with distilled 
water : if it dissolves entirely, proceed to (419). 

If the powder does not dissolve, allow the liquid to stand 
until the undissolved portion has in great part settled, then 
decant through a filter : the filtrate is solution I. : — 



Residue in flask: boil with dilute HCl (418a), allow any residue to settle, 
decant through the filter used above (4186); repeat this process and 
finally boil the residue with strong HCl, let settle, decant through the 
filter:— 


FUtrate U 
Solution n. 


Residue : heat with dilute, then with strong HNO3 (418e) 
as was directed above for HCl; decant through the 
filter:— 


FUtrate U 
Solution ni. 


Residue may be warmed for a short time 
with a mixture of strong HNO, (386a) 
with three times as much HCl ; ii thin 
does not dissolve it, dilute and decant 
the acid mixture through the filter : — 


FUtraUis 
Solution IV. 


Residue: wash well with 
water, dry, and examine 
as directed (476 et «eo.) 
for substances inRolubla 
in water and acids. 



Solutions I., XL, III., IV. need not be examined separ- 
ately. Add to I. a few drops of dilute HNO3, and if no 
precipitate is produced (420) acidify it with HCl, add also 
to solution III. some HCl : any precipitate caused by HCl it* 
these solutions is filtered off and examined by Table I. Th^ 
solutions I., II., III., IV. are then mixed together and any 
precipitate produced by mixing them is examined by (47^) 
as an insoluble substance. 
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It is best to boil down solutions III. and IV. considerably, 
in order to get rid of most of the HNO3 which they contain, 
before mixing them with I. and II. The solution is then 
examined by (419). 

Notes on the process op solution. 

418 a. Any changes which occur on the addition of HCl 
should be noted down. Notice especially whether any gases 
are given off: many of these may be recognised by their 
smell, but a closer examination of them may be neglected, as 
they will have been already obtained in the preliminary ex- 
amination for acid-radicles (41 1). If the gases come off from 
the aqueous solution on adding HCl, or on mixing the HCl 
and aqueous solutions, they must have been present in salts 
soluble in water, probably salts of alkali metals ; if they are 
evolved on treating the residue insoluble in water with HCl, 
they were present as salts insoluble in water. 

418 6. On cooling the hot HCl solution crystals often sepa- 
rate, these usually consist of PbClg, rarely of BaClg : BaClg 
wiU, however, dissolve easily on the addition of water. The 
crystals are filtered off and dissolved in a little boiling water; 
Ba is easily found by trying the flame coloration given by 
the solution, and if on addition of KgCrO^ to the solution a 
bright yellow precipitate forms, the presence of Fb is proved. 

If Pb has been found and a residue is left after treatment 
with HCl, this residue, which may consist of PbClg, may often 
be dissolved by boiling it with water, the use of HNO3 being 
thus avoided. 

418 c. HNO3 seldom requires to be used in dissolving a 
substance, and it should be employed only in very small 
quantity, since in the course of analysis it decomposes 
HgS with separation of S, unless the solution is dilute and 
cold (423), and thus hinders the precipitation of Group II. 

If a complex solid mixture is given for analysis, and the only object 
is to obtain a solution as rapidly as possible, the sabstance may be at 
once boiled with aqna regia for a few minutes, then diluted and filtered : 
the residue is examined as a substance insoluble in water and ^^\^*& 
(475 et 8eq.) : the filtrate is evaporated nearly to dryness, dVVvjA.^ HG\\a 
added, and the solution is examined by the Geneial TaW (^4:\^V 



419. GENKRAL TABLE FOR SEPAEATIOX Uf 
: H the sabstajico far analysis is a liq^uid with ruviz-al or al!:alin^ reactioii, it 
examined aa directed below. 

In this Tuble, and also in the Group TAbleB which fallow, it has been sap- 
precipitate will be produced when the reagent is added for its detection ; and 



Add to tbe grater part of 



FbCl]— wM(e, 
AiCl—ahUe. 



cl^stalg, Tbe absence of 
Fb 1> DDt proved, ir It <b 
not precipitated in (bis 
group, as Pb CI] [a somewlme 
uluble, and Fb msj there- 
tore be loond only Jn 



• HCl ; il any precipitate ia prodoced, 



several miDulee (426, 126(i) wt filtered ; 
Tba precipitate may 



HgS— ilocl 

FbS— Mac* 
iJlA-Woc* 



MtSf-ytUnU! I 
[AnA-tiM*] \ 

[Pes,— «i«*] ' 



« by Tabfe IL (436). 



eritlylgnlM 



beatiid, tlien water ia added ; 
^dd a few drops nl tbe iH 



IB precipitate may « 



Notes on the Gbnbbai, Table. 
420. If the lic^nid under eiamination ia alkaline or nentlsl in 
reaction, before commencing the eiamination by the Gtneral Tabis, 
HNOj muHt be added in slight excess ; if no precipitate fonna, proceed 
at once to eiamina the hunid bj the General Table ; if a preci]Htat< il 
produced, more HNOj ia to be oiided, and the liquid heated ; shoBlii 



420.] 



COMPLEX SUBSTANCES. 



237 



METALS INTO GROUPS BY GROUP-IiEAGENTS. 

requires special treatment (420) ; if its reaction is acid, it may be at once 

posed that all metals are present : if a metal or group of metals is absent, no 
hence no filtration is necessary, the solution being then treated as a filtrate. 



continue to add HCl as long as it causos any further precipitate (421), warm and filter : 



tate on addition of several drops of UCl, is boiled down if necessary (428), and is 
it. is then saturated with HjS by passing the gas through the solution * (684) for i 



luted and IfjS is passed again into it, to make sure that Group n. is completely pre- 
produces no furtiier precipitate the clear solution or filtrate is boiled In a porcelain 
of H38 (427), a little strong HNO^ is then added, and the liquid is evaporated to dryness 
in the aith. When the dish is cool, a little strong UCl is poured upon the residue and 
any undissolved residue is filtered off (428). 

solution to some AmHMo04 solution in a test-tube^ and warm gently ; a yellow precipi- 
photphate; if no precipitate is formed with AmIIMo04, p/io^p/iates are a{>8«7i<. 

tlon AmCl, heat it to boiling, then add 'AmllO in excess, boil again and filter off 
form as quickly as possible. Keeping the funnel closely covered with a glass plate 

E resent and a precipitate is produced by AmllO refer to Table III.D. (466), if phot- 
\ directed below :— 

(468, et ieq.), for full directions for precipitating Groups III.A and III.B.] 



Add to the filtrate or solution, which may be coloured (480), Am^S in excess, boil and 
filter:— 



The precipitate may contain— 

Zn&— white. 
^nB^light-pink, 
C08— 6toc*. 
ViS—blaek. 

Examine this precipitate at 
once by Table III.B (487). 



Add to the filtrate or solution, which must be dis- 
tinctly yellow or brown (431), AmsCO(, warm 
gently and filter :— 



The precipitate (432) may 



preclf 
tain- 



con 



BACOr-^hite. 
^rCOt— white. 
CaCOz— white. 

Examine the precipitate by 
Table IV. (488). 



The filtrate may contain 
Mg, K, Na. 



Examine by Table V. 
(439). 



a precipitate still remain, it is filtered off and the filtrate examined 
by the General Table, commencing with the addition of HCl. 

The precipitate caused and not dissolved by HNO, may be finely 
divided sulphur, separated as a white powder from a sulphide, or 
yellow from a thiosulphate t ; this precipitate is recognised by its 
colour, and by not being separable by standing or filtration, it may be 
disregarded ; there may also be precipitated 1148104 (gelatinous, almost 

* Instead of diluting and passing the gas, HsS-solution may be added. 
t Formerly called a " hyposulphite." 




colourless), SnOj or metastannic aeid (bcb 420 a). Sb^O,, AgCl (aU 
three white), SnS„ Aa^Sj (both yellow}, SbjS, (orange). Hcnco a full 
eiamioatiaa of this precipitate for all that it may contain will involve 
boiling the precipitate with aq^ua rogia, diluting add filtering; the 
iasolnble residue is examined as a Bubstunce insoluhle in water and 
acids (175) and the aqua regia solution ia added to the filtrate from the 
precijritate caused by HNOj, any ptoeipitate caused on thos mixing the 
solutions being examined by Table I. (133). 

420 a. Hetastannic acid is precipitated from a SDlution of an alkaline 
metaatannate by addition of an acid; it forma a white precipitate which 
becomes golden yellow when moistened with SnCl^^^'^'^'"'! '^ is further 
recognised by dissolving in the washing water whilst being washed, 
and being reprecipitated when the washiogs run into the acid filtrate. 

421. Even if HCl has been used in dissolving the BatMtance, it ia 
advisable to add a few drops of the acid to make sure tliat no member 
of Cronp I. remains, 

422. It must be remembered that strong HCl also precipitates a 
strong solution of a barium salt; this pi^cipitate however disappears, 
lis PhClj does, en adding water and heating, thus differing from AgCl 
and HggClr 

428. If HNO, or aqua regia has been used in dissolving the snb> 
Btancfl, or if the solution smells of CI or SO,, it should be boiled down 
considerably until after adding HCl and boiling, neither of the above 
gases is smelt; it is then dOuted, and HjS is passed at once whether 
the dilution has caused a precipitate or not. 

If Aa has been detected in the preliminary examination, HuSO, 
should be added until the liquid smells of SO, after having been boiled 
for a short time : the liquid ia then heated for some time short of 
boiling antil it no longer sniBlls of SO,. This treatmcut reduces arsetiie 
and stannu: compounds to the arsonipuj and stanni^u^ condition. 

In the case of Aa this reduction is to be recommended, since arsenic 
compounds are not easily precipitated by HgS; it is also very desirable 
to reduce stannic compounds, since SnSj, unlike SnS, readily mns 
through the filter, and being yellow in colour may be mistaken for S. 
It wUl of course be necessary to ascertain by special tests (187-190, and 
201-203), made on the original soliilion, in which state As and Sn were 
originally present. If any precipitate is produced by boiling wjtli 
HaSO, other than white sulphur, refer to (i2*). 

421 While boiling with HjSOj soma HaSO. is usually formed, 
which may partially or completely precipitate Fb, Ba, Sr as while 
sidphates; H^O, will also possibly precipitate Au, which causes the 
cool liquid to appear blue by transmitted and red by reflected light, 
and on boiling separates as a black powder. Examine any precipitatt 
ronned hy H28O, hy Tabic Q (431). 
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425. On addition of water, Bi, Sb, Sn may give white precipitates of 
their oxychlorides ; these precipitates may be disregarded, since H,S 
readily converts them into sulphides. 

426. Hj|S often causes a fine whUe precipitate of S, owing to the 
presence of certain oxidising substances, such as 01, HNO3, HCIO,, 
H2Cr04, HaMn04, HMn04, Hj,SOg, FejCle. This precipitate is known 
by its perfect whiteness, and by not being separable by standing or 
filtration ; it may be neglected. Qreat care must however be taken 
not to mistake SnSs for S ; it resembles S in running through filter 
paper, but is distinctly yellow in colour ; it may often be coagulated 
by being shaken or heated. 

426 a. Certain changes may be observed whilst H^ is being passed, 
they should be carefully noted. Thus Pb and Hg during precipitation 
by H3S often show characteristic colours (149, 144) ; a solution coloured 
reddish yellow by HjCr04 becomes green ; and a solution coloured 
green by HgMn04 or purple by HMn04 becomes colourless. 

427. If on boiling the filtrate or solution after passing H^S a yellow 
precipitate forms, this shows the presence of an arsenic or a stannic 
compound ; in this case pass H^S into the boiling liquid as long as it 
causes any further precipitate, or proceed as is directed in the latter 
part of (423); filter off and add this precipitate to any precipitate 
already obtained by HgS to be examined by Table II. 

428. SiOs and other substances may be present in this residue. 
SiOa is distinguished by readily dissolving in hot KHO solution. 
AljOji, FejOg, CrjOj may remain undissolved by HCl, if they have 

been rendered difficultly soluble by the ignition to which the residue 
has been subjected ; they may be dissolved by long continued heating 
with strong HCl ; the solution is added to the other solution which is 
to be examined for Group III. A. 

BaS04, SrS04 may also remain undissolved ; they are detected by 
heating some of the residue strongly for a short time in the inner blow- 
pipejflame upon a loop of platinum wire, then moistening the loop with 
a drop of strong HCl and holding it in the outer part of the Bunsen 
flame ; crimson red flashes, appearing red through the indigo prism 
prove the presence of Sr, a yellowish green flame coloration shows Ba. 
These flame colorations should also be examined by the spectroscope 
(42). 

The following is a less rapid method of detecting Ba and Sr. Dry 
the insoluble residue, fuse it on platinum foil with three or four times 
as much fusion mixture ; allow it to cool, then boil with water until 
the mass is disintegrated, filter, wash the residue well upon the filter, 
and examine it by Table IV. (438) for Ba and Sr only. 

429. Mn and Zn are liable to be precipitated with FegHgOg, AlgHgO^, 
CrjHgOg. The precipitation of Mn is partly prevented b^ k^i^^m^ >iiift 
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liquid from oxpoaure to the air after adding AmHO ; but the further 
precaution ehoald bo tekaa of diBsolring tlio preeipitat* produced by 
AmHO in HCI and reprecipitatinB It by AmHO, then filtering and 
adding the filtrate to the original liltrate from the Group III. A. pre- 
cipitate; this trEHtmont of tlio procipitatB hIiouIJ he repeated several 
times, if snmll quantities of Zn or Mn have to bo looked for in presence 
of AlorFe; or better still Groups II I. A. and III. a. may be precipitated 
together (459) and the precipitate examined by Tublea Ill.c. {iSi, 465). 
See rules given in (46S). 

430. The filtrate or solution, after the addition of AmCl ani! AmHO, 
may be colowEd blue by Ni, broum by Co, or reddUh triolet by Cr,H,0, 
dissolved in the e%c«Ba of AmHO. 

The CtjHjO, must be removed before proceeding to esramine for the 
renaimng Groups; it la readily separated as a pale green Rocculent 
praoipitate by boiling tha liquid for a short time in a porcolain dish, 
adding a little more AuHU if the liquid does not smell of NHg after 
being boiled for a short time; this precipitate is filtared off, and the 
filtrate ia further esamined for Groups III.b, IV., ami V. by the 
General Table. 

The colorations due to Ni and Co differ from that caused by CrjHoO, 
in not being removed by boiling the liquid. 

431. Abrovm or dark tolmlred filtrate ahon-s that Ni is present', 
soma of the NiS precipitated by AmjS having been dissolved in the 
excess of Am^S and giving the filtrate its dark colour. If this colort' 
tioD la noticed the filtrate should he ponreil into a porcelaiii dish and 
boiled, occasionally adding wat«r if necessary, until on removing the 
lamp for a short time the black NiS settles, leaving a colourless liquid. 
The liquid ia then mn through a small filter and the black precipitaM 
ia tested tor Ni by fusing a portion of the filter paper stained by the 
NiS in a oulourless borax bead : if a bead ia obtained, which when 
heated in the outer flame is molel or brmim whilst hot and yellvw when 
cold, aaH which becomesgrey or opaque in theinRer fia^ic. Hi is certainly 
present and need not be farther tested for in Table HI. Ik 

The colourless filtrate is examined by the General Table for Groapt 
IV. and V. 

432. Partoftheprecipitateproduced by Am^CO, often adheres fimil; 
to the inside of the vessel in which it has been produced, in this tf 
rinse the tube out several times with distilled water and then Jiaso!" 
the precipitate by ponring in some hot HS, causing it to ran over tin 
inside of the tube, and add this solation to the H£ aolntion of A' 
AmjCOj precipitate made in Table IV. 



' If Groups III.A, and III.B. have been preciipitnted together by AatX 
AmHO, and Amj9 added in snccBBsioE (46B), tbe bro?m coloration of tW 
filtrate may also bo due to CrjH,0, ; on boiling tbe Qltrate oslourri V 
Q-jHjOg in n porcelain dieb for several minutes, paZs green CrgH^,li ^ 
cipitated, whcih cannot be misls>V.«u im blacfc N^. 



483, 484.] 



TABLE L — SILVER GROUP. 



241 



433. TABLE L— SILVER GROUP. 
The precipitate produced by HCl may consist of PbClj, 
AgCl, and Hg'gClg : the precipitate on the filter is wash^ 
five or six times with boiling water, the first portions of the 
washings being kept apart : — 



The first portions of the 
washings may contain 
FbClo in solution, 
which if present in any 
quantity will be de- 
posited in brilliant 
crystals on cooling. 

Test for, or confirm the 
presence of Pb, byadd- 
mg to the wash^igs 
K2Cr04 : a yellow pre- 
cipitate,readily soluble 
in KHO, shows : — 

Pregence of Pb . 



Megidue: the residue is rinsed into a test-tube 
(33 a, /) and boiled with AmHO, then fil- 
tered: — 



FUtrate : add HNOg 
until the liquid is 
acid : a white preci- 
pitate uniting into 
curdy particles 
when shaken or 
boiled shows : — 

Presence cif Ag . 



Eesidue on the filter is 
black: dry at a gentle 
heat ; scrape the precipi- 
tate off the filter, mix 
with some dry Na2COs, 
and heat in a small 
ignition tube (147). 
Globules of Eg are seen 
on the sides of the tube, 
but often only when the 
inside of the tube is 
rubbed with a rod or 
examined with a lens: — 

Presence of Hg' 
(Mercurosum). 



484. Table G. —Examination op the Precipitate formed on 
BOILINO THE HCl SOLUTION WITH HgSOa. (See par. 424.) 

The precipitate produced by HaSOs may contain Au, PbS04, BaS04, and SrS04 ; 
the last three substances are perfectly white, and Au, if present, is therefore 
nsoally seen by colouring the precipitate brown or black ; the Au is also usually 
Tlflfble daring precipitation by HsSOs, or after the white sulphates have subsided, 
ihice it colours the liquid blue by transmitted and reddish by reflected light. 

£a and Sr can often be at once detected, if present, by taking a little of the 
moist precipitate on a loop of platinum wire, beating in the inner blowpipe flame 
for some time, moistening with HCl, and examining the flame coloration ; but a 
more trustworthy method of int>ceeding is the following :— 

Binse the precipitate into a small porcelain dish, using as little water as pos- 
iStijjd ; dissolve in the Uquid a small crystal of H2T or add a few drops of strong 
Ha ; then add AmHO until it is just in excess, and boil for a short time, let 
ittnd and decant through a filter :— 



SoluHon may con- 
tain f bS04 ; add 
HA in excess, 

then K2<^'i*04 ; a 
yellow precipi- 
tate soluble in 
KHO shows ^- 

Presence 0/ Pb , 



Residue: pour upon the residue in the dish a little 
HCl and a few drops of HNO3, heat to boiling, let 
stand, decant into a porcelain dish : — 



Solution : boil until the 
smell of CI is removed ; 
add several drops of 
fresh FeSOf solution ; a 
blue coloration and red- 
dish precipitate show:— 

Presence 0/ Au . 



Residue: dry by gently 
heating the dish, fuse 
with fusion mixture on 
platinum foil, and ex- 
amine the mass for Ba 
and Sr as directed in 
the last part of (428V 



\ 
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Th^HM. 435. TABLE II.— COPPER AND 

both pacei. The precipitate produced by H^S in the HCl solution, after having 
wilii KHO or a small quantity of Am^*, and filtered :~— 

GROUP II. A. -COPPER GROUP, 
tuiji Hgi, PbPi, BijS 



43B. •>. nc rnidw! may contnin Hgi, PbPl, Bi^S.. CiW, CUS, 
preclpltaCeudaUoHedlt todmib, i^movaltCrointbefllteTlii 
poor apon [I atrone HNO, lUElcient to coierit coioplctel)'. a 

todijnegs. BoU off nBorljiirth ■ •'" ' ■■ 

time, Mliring oooulonsUy, ind ( 



rLj Blf Che acid, odd i llttfe dUute s/o^Tot aUiul 



nioct), Pb»0, (vMU) -, hut 
IE vAcce, Uie ■Metice ol Hg 
boot proved. 
SemoTe the niddne into h 

,nilD£aa little 

lei Mid aUtUe 
AmHD hiflicflu, 



iuidMt: diT on 
the filter tt n 

KDtls heat, 
9t In the 

Scrape the dried 
reiidue ad the 
niter (note 1). 
■Dd b»t It. 



COi, in B 
II Tgnllloo- 



sEC" 



euliy tfea In 
(Urk blue tola 
tloni): wuh 
nithhot water, 
dlHHilve off the 
01 ter by pooling 

dropMoI boiling 






pealing at once 
DT alter Rtirrbig 
nnd letting 



by AmlfO tnuit 



luhaTetobetestedloT, 



the Biter covered with a glaa 
pUt« : rlnao the precipitate Into 

dilutu H^(l!u hoif and Mlw 
through a covered Bltwloote 3):— 



diocolate - red 



B^,; filter and 
teil the Bltnte 
by n^ as above. 



honldbeaubaUtuted forAm^, ahUMCoBb 



Note 1. — If the residue ia too amall to 1» (enioTed, the portion of the paper 
eoutaining it may be cat up and mixed mth Na,COr For the prscaatioiii 
requisite in performing tlus teat see (147). 

JVbfa 2.— Another method of detecting Cd in the praence of Cu, couikIi 
in adding KCj solution to the blue ammoniacal liquid, and passing H^ ; Cd 
if present falls aa jellow sulphide ; Cu may then be tested for in the filtrate 
vhich has been boiled down ciHisiderabl; with excess of HNOg, 1^ adding 
AmHO in Bioeaa, then HA in eioesn, and K^FeCy,. 

NoU 3. — Unless this precipitate ia filtered without delay in acoTered fannel, 
washed quickly, and examined at once, CuS ia liable to be oxidised and to 
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AESENIC GROUPS, 
beea 'washed with hot water, is lentoTed from the filter and boiled 



-ARSENIC GROUP. 



p»HDt wlU be npieclpltotsdi > man milklD 

Xha precipitate 1h fllto^ off uid eiuniued u directed In 435 b (see no< 

485 A' ftemoTa the pivclpltate fnmthe Alter Into a poTceiBlDdlfih,iu1nfru little i 
mfl poulble; ivltl A little strong HCl mid heat, occaalonallr dropping in a cr 
ot KClOi, until the precipitate diisulvea entirely or leaves only a iUght residt 
■Dlphor. Heat this tolatlon jost ehmt of boiling (note S) aotll It ceases to ameU 
(tic4«e), then cool It and pom it, through a tUter if necessary, into a small Baak . . 
containing plecea of pnr« Za: it the gas does not com ejilT readily, add s little strong 
HCL and canae th« gaa after paning throuAh seme PbA^ solution (see caution ISl) r 
bnlrtde throngl] aomo AiHOs solution contalneil In a broad Ceat-tube. As soon i 

the Saik, and u mwd *a th>' gaa ceeaes to come oH, some Zn still remalolng undl 
■olnd, nmore the teat-tobe containing the AgNO, solution^ it any black preci; 
tate haa tormed Is tUs aoliitloa it mast be eiamioed as belun; 11 the liquid h. 



Jtoidw In (he flaak maj cootist 
<l 8a, (Pt,AaX and eicesa ot 
Bi; ramoTc any deposit of 
Bb by ahaUng xbe piecei ot 
Bi wen vUb the liauld and 
- 8 off Into ft 



nu tlie an br deoantatlDn 
tnOadlah: bMltfas residue 
iritlis UHla itroUE HCI In a 
- tMU>l>a,tlnBq(ilcklydil>ita, 
■ad dMutiltbs miane may 

■dd B|OI( tc (be KdnOoD 1 a 

whit* nvclptbU*, becoming 

UMk wttb AmHO, ihoira :-~ 

Pn$tMtefSa, 



orange red precipitat 



ten only seea on sett! 



dropto^emtrale: a 
light yellow preclpl- 



the General Table (427^ 
(19J-IB0). 



Mmeirtut aolable In Ani,S ; but aii"S and An,a, are m 






lein Ani]B, 



p*M into tho filtrate as CuSO^ ; it tlien diicolours the CdS precipitate, or 
may be entirely overlooked if present in amall quantity. It ia well to ponr ft 
few drop* of H,S-water into the itmnel with each freah addition of wnBhing 

ITait 4.— The detection of Ab, Sb, Sn by the method given in (436 b) ia very 
tmrtwoithy ajid delicate (208); it is excelled in thesa respects by the method 
fn (210). For beginnera, however, the process (209} ia recommended by its 
greater simplicity. 

Jfijto 6.— The solotion must not be heated to boiling, else SbClj or SnCl< 
if present might be volaliliaed. 
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Noil 6. — In this solntion Aa and Sn Hill be preaeut 
iDil arsenicum, and in this state thejr are not well auited fur detection : 
tlifl following modilicatioii makes tbeir detection much more rapid and 
certain, especially irheii the; are present only in small quantity. 
Af'cc warming until the liquid ceases to smell of CI, add HjSOg drop 
by drop, until the liriuid after being wanned for a aliort time smeCa 
of SO, ; then teat it sliort of bDiling nntil the smell of SO, ja re- 
nioTed, and pour, throagh a filter if necessary, into the hydrogen 
apparatus. Great earo must be toJten to remoye the 80, entirely, 
eUe Sb and Aa may ceniain as suljiliideH in the hydrogen app 



436. TABLE IILa.— ffiON GROUP. 

The precipitate produced by boiling, after addition of AmCl 
and of AmUO in excess, may contain AljHoj, Cr^Ho,, 
FejHog L the colour of the precipitate will usually show 
whether it contains any quantity of FsjHog (reddish brown), 
or Cr^HOg (pale green), since Al^Hog is coloutless. 

Dissolve tlie precipitate in a little boiling dilute HCl 
(33 d, e, f), add to the aolution pure KHO or NaHO untU 
the precipitate remains after stirring, then add KHO or 
HaHO in considerable excess, boil for some time and hlter; — 



k 



9B Of HclUO : 1 
isBreen,Or,Ho,iiBl»a 

~ )recipitB(edb]'fll 

FbDulnglnapoTC 

lain diab and tbonr 

AmCl solatjon bi 



JTote.— aodlnm an 
■ liable iocontai 



Ksr^ 



. by c 



B little Killd Nb,CO, and kSQ, 
platinum foil, either eupported 
trianglB or faeld in the B- - 



by beatbig the under inrfBca ol the lofl 1 
blowpipe fiame aa long aa any Imthlng o 
then allow to cool ; a yeUow maia Indiati 

EeeeQCE of Cr (note l\ Boll the platinui 
a Binnll porcelain dlah wttb trater until tbi 

liquid through a Olti 



iO uttU, 01 






. Raidiu fn p 



by Uie colour beoomlne; 
rediHih, boll (or aeveni 
rotoutes, then add BbA, 



d-red coloraBiU 
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NoU 1. — If Mn was present in the original substance, it is often pre- 
cipitated more or less completely with the Fe, and will be detected by 
imparting to the fused mass a bluish green colour ; this should be 
noted, as the Mn may possibly be entirely precipitated in this group, 
and will then not be detected in the next group. 

Note 1 a. — The green colour, due to the presence of Mn, conceals the 
pale yellow colour due to Cr ; but on dissolving the cool mass in water 
and boiling with HA, the manganese coloration is destroyed; and, on 
filtering from any dark coloured precipitate, the yellow colour due to 
Cr becomes evident. 

NoU, 2. — Cr may have been present as a chromic salt, Cr replacing 
hydrogen in an acid ; or as a chromate, Cr being united with oxygen 
to form an acid-radicle. Ascertain in which state it was present by 
boiling some of the original substance with NagCOg solution and filter - 
uig > a yellow filtrate, which on being acidified with HA gives a yellow 
precipitate with PbAg, shows that Cr was present as a chromate ; Cr 
previously combined with an acid as a chromic salt, remains undis- 
solved as green CrsHgOg, and does not colour the filtrate : it is found 
by 2 in the preceding Table. 

NoU 3. — Fe is always detected here as a ferric salt, since, even if 
originally present as a ferrous compound, it will have been oxidised by 
boiling the solution with HNOg before precipitating Group 1 1 1, a. in 
the General Table. To ascertain in which condition Fe was present, 
boil some of the original substance with HCI, filter if necessary, and 
divide the solution into two parts : to one portion add RgFegCyij, a 
dark blue precipitate shows the presence ofFe" (Ferrosum) ; to another 
portion add KCyS, a blood red colour shows presence of Fe 
{Ferrieum), 



nf 



437. TABLE III.b.— ZINC GKOUP. 

The precipitate produced by AnigS in the solution, or in 
the filtrate from Group III. a., may contain ZnS, MnS, NiS, 
CoS. The colour of the precipitate will usually show whether 
it contains any quantity of NiS or CoS which are black, or 
consists only of MnS (pink) or ZnS (white). 

The presence of Ni will have been indicated by the filtrate obtained 
after boiling with AmHO in the General Table being blue in colour, 
and by a dark brown filtrate having been obtained after boiling with 
AmjS. If the black precipitate, obtained by boiling the dark brown 
filtrate from AmjS (431), has also been proved by the borax bead to bo 
NiS, the further tests for Ni in the following Table ma.^ "be OT£i\^:^ft^. 
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Remove the precipitate from the filter with cold dilute HCl 
in the way described in par. 33 c; take out the paper and 
allow the liquid to stand, occasionally stirring it well. The pre- 
cipitate will either dissolve, leaving only white sulphur, in which 
case the milky liquid may be at once examined by 2 (p. 247), or a 
black residue will be left which must be filtered off and examined 
by 1 (below), the filtrate being examined by 2 (p. 247) ; — 



1. Tfie Regidue is black, and may contain NiS, CoS . 
Examination by the borate bead. 

Fuse a small quantity in a clear borax bead in the extreme tip of the outer blowpipe 
flame, note its colour; then fuse the bead for some time in the inner blowpipe 
flame, and again observe its colour. Any one of the foUowing observations may be 
made : — 



Bltte bead in both 
flames shows : — 
Presence of Co . 

Co need not be further 
tested for, but if any 
doubt exists as to the 
presence of Ni the 
rest of the residue 
must be examined as 
below. 



Brovm or yeUow bead, 
when cold after fusing 
it in the outer flame, 
which becomes grey or 
'opaque in the inner 
flame, showa Presence 
of Ni, Absence of Co . 

Unless mere traces of Co 
have to be tested for, 
no further examina- 
tion need be made. 



± 



A bead which is neither brown 
nor blue, but of some inters 
mediate hue on cooling 
from the outer flame, indi- 
cates the probable presence 
of both Co and Ni . 

Examine the remainder of the 
black residue as directed 
below for Ni and Co, or for 
Co alone if Ni has been 
already detected by (431). 



Further examination of the residue.— Bin&e the residue from the filter into a porcelain 
dish, using as little water as possible : pour in a little strong HCl and boil for 
some time, adding occasionally a small crystal of KCIO3, until the black residue is 
entirely dissolved or only a smaU quantity of dark sulphur remains ; then boil 
down nearly to dryness, a blue liquid shows presence of Co ; dilute with a little 
water, filter if necessary into a boiling-tube and pour in KCy solution slowlv until 
the precipitate formed at first is just redissolved, boU briskly for several minutes, 
and add much strong Na2Cl20, or mi^e decidedly alkaline with NaHO and add 
much Br-water ; heat nearly to boiling, and allow the liquid to stand at least ten 
minutes, filter* : — 



Precipitate (black) : wash, 
and confirm the presence of 
Ni by fusing some of the 
precipitate, or the paper 
stained with the precipitate, 
in a borax bead m the outer 
and inner blowpipe fiames : 
a bead yellow when cold, be- 
coming bktck in the inner 
fiame shows : — 
Presence of Ni . 



Filtrate must be warmed with more Na2Cl20or 
Br-water, and filtered from any additional preci- 
pitate which may form, then evaporated to dry- 
ness and strong HNO3 poured upon the residue ab 
long as any frothing is caused ; this is then eva- 
porated just to dryness, the residue dissolved in 
water, excess of KHO added to it, and any precipi- 
tate filtered off and fused into a borax bead, taking 
the paper stained by the precipitate if the precipi- 
tate is not easily removed : a blue bead shows : — 
Presence of Co, 



* If this precipitate adheres to the sides of the boiling tube, it is dis- 
solved, after the liquid has been emptied out, by pouring in a little 
boiling HCl ; from this solution the Ni is precipitated by addition of 
KHO, and the precipitate filtered off and tested by the borax bead 
for Ni. 



137, 438.] TABLE IV.— BARIUM GROUP. 



a. TJu Solvtian orjUtraU maj conlalp Zd. Ma. 
Bon in ■ pomUln dlab untU It ceasea to imeU of H^, tbeu drop in b imBll omUl 
ol KQOi, «nd boll Cor levcntl luinutei. Atter cooling the liquid add purs NkHO 
until ansr ftlrrlug the liquid It turn) red lltiniu-paper blue, thco mdd more NiHO, 
■tir well and alter: 



FndpiUiU ti itliilt at jfnl, 
hit rapidly darktnt In tbc 
sir. 1^1180 A tHjrtiou ol It 
with ulid ^mCOi and 
KNO, DO platinum toll ; a 

talztod on GOoUng, showluK ; 

PraenaofMn. 

Sole. — Md may luve haea 

orliflaall; proatiDb eltber re- 



FillTaU; pais H^, a whllB prsclplUte lorma, ottea 

■omewnat dlacoloured, inowinE : 

Pratmxif Zn. 

SoU.—Tn>ta a dilute ■otntlun of ZhBd, In NaHO 
the ZnHo, la predpltated on boiling: hence after 
addltia NoHO, *i dlreoled abore, the liquid muit not 
De bcOled, elae Zn might be pnclpiUted wjtb the 
MnBo, and mouw datootlon. 

But V dUntliw and boiling the aboie flltntc it la 
nauitllT poialble to oanae anT ZnHo, It holds In loln- 
tlon to precipitate, eipeclallr 11 the olkallni^ ol the 
llqDld ha totoEwbat ndnued hy cautloua addlUon ol 
HCl in quantity iniufflelent to make the liquid acid. 
It this prei:ipjtate be neparatsd bf pouring the liquid 
thraugb a double filler and Ihcm be dlasolTed oS tbs 

IwQlng nJ. ZnS may be precipltsled jwr/ecdtf vAtle 



438. TABLE IV.— BARIUM GROUP. 

The precipitate produced by AnijCOj may contain BaCOg, 
SrCOj, CaCOj : it is to be well washed with boiling water. 
Before dissolving the precipitate off the filter much may 
usually be leamt by an esamination of the flame coloration 
yielded by the HCl solution (see t below). The results thus 
obtained are afterwards confirmed in the wet way (see 2 
below). 

1, Examination }/y flame coloration. — Take a small 
quantity of the precipitate off the filter upon the end of a 
glass rod, and dissolve it by moving the end of the rod 
about in several drops of HCl on a wat«h glass j dip into 
this solution a loop of platinum wire which imparts no 
colour to the flame, tbes bold the loop for some time in the 
Bunsen flame, repeating the process if the coloration is not 
satisfactorily observed at first. Ca will impart to the flame 
a ydloioigh red colour, Sr a crimson red, Ba a yellowish green. 
The red colorations yielded by Ca and Sr are distinguished 
by viewing the flame through the indigo-prism; the Ca 
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» Unes coloration then appears dingy green, whilst the Sr coloration still 
pages, ing after the others have disappeared. When all three metals 
one another ; but if at any time a red colour is visible through 
visible without using the prism, the presence of Ba is proved. The 
2. Examination in the wet way, — The rest of the precipitate 
again boiling the liquid and pouring it once more through the 
the solution is acid, and if it is not, add HA whilst stirring until 
solution into a test-tube, and put by the larger portion {B), To 
part of the tube in cold water or holding it in a stream from the 
cipitate forms refer to Column I. (below) : if no immediate pre- 
forms refer to Column IL, if no precipitate forms even after 



I. An immediate precipitate is prodticed by CaSO^ in the cold, showing 

Presence of Ba . 

Portion {B) mast then be tested for Sr and Ca which may also be pre- 
sent : examine it as directed below : — 

Add ILj^'sO^ solution until the colour of the liquid is reddish yellow ; 
heat, and filter through a double filter-paper, pouring the filtrate 
through the same filter repeatedly if necessary until the liquid is quite 
clear ; then add to the liquid, which must be orange red in colour, 
AmHO until the colour changes to pale yellow, then add Am^OOi 
solution : — 



No precijpitate forms, 
showing : — 

Absentee of Sr and 
Ca. 



A precipitate forms, showing Sr, Ca, or both of 
them, to be present. Add to the liquid Am|CO| 
in excess, filter, reject the filtrate and dissolre 
the precipitate ofif the filter in as httle boiling 

HA as possible ; pour ofif a small part {A') of 
this solution, reserving the larger portion (i^. 
To {A') add CaS04 solution and boil :— 



No precipitate forms : — 

Absence of Sr. 
Examine portion {ff) for 

Ca as directed at ((7) 

in Column III. 



A precipitate forms:— 
Presence of Sr, 

Examine portion (S^ 
for Ca as directed at 
{C), Column II. 



439. TABLE V.- 

The filtrate remaining after addition to the original solution of all 
NH^. Since, however, NH^-salts have been added as group- 
be detected by boiling a portion of the original substance with 
which would be recognised by its smell or its action on moistened 
here for NH^, since it will have been already tested for in the 
as directed below. 
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appears crimson ; Ba is usually found by its coloration remain- 
are present together their colorations are apt to interfere with 
the indigo-prism, Sr is certainly present ; if a green coloration is 
flame coloration should be examined by the spectroscope (42). 
is dissolved off the filter by pouring upon it a little boiling HA, 
filter if the precipitate is not entirely dissolved. Test whether 
the liquid is acid, then pour off a small portion (A) of the acid 
the portion (A), after it has been cooled by immersing the lower 
tap, add several drops of CaSO^ solution ; if an immediate pre- 
cipitate forms heat the liquid to boiling, and if a precipitate then 
several minutes refer to Column III. 



11. A precipitate is not formed at once on 
the addition of CaSO^, hut appears on 
boiling the liquid^ showing : — 

Absence of Ba and Presence qf Sr. 

C, Portion (B) is then examined for Ca 
as directed below : — 

Add dilute H2SO4 in excess, boil and filter, 
reject the precipitate ; add to the filtrate 
several drops more HaS04 and boil ; if 
this causes any precipitate boU and filter, 
and again test the filtrate by addition of 
H,S04 and boiling : repeat this process 
if necessary. To the clear filtrate, which 
gives no further precipitate on addition 
of H,S04 and boiling, add gradually 
AmHO until after mixing the liquid by 
thorough stirring or shaking, it turns red 
litmus-paper blue, then add Amfifi^ 
solution and warm gently ; a white pre- 
cipitate, often appearing only after a 
time, shows : — 

Presence of Ca . 

(See Note, Column III.) 



111. No precipitate is pro- 
dicced by CaSO^, even on 
boiling y showing : — 

Absence of Ba and Sr^ and 
Presence ofCa. 

C. Confirm the presence of 
Ca by making portion {B) 
alkaline with AmHO 
(34), then add Am,C804 
solution ; a white precipi- 
tate forms, showing : — 

Presence of Ca . 



V. 



Note. — If mere traces of Ca 
have to be tested for, the 
filter-paper used in the ana- 
lysis must first be freed 
from any traces of Ca it may 
contain by wetting it with 
dilute HCl, and tnen tho- 
roughly washing it with 
distilled water, as described 
in the last par. of (29). 



POTASSIUM GROUP. 

the group-reagents in succession, may still contain Mg, K, Na, and 
reagents, it is useless to test for NH^ in this filtrate : NH^ must 
KHO-solution, and ascertaining whether any NHg-gas is evolved, 
red litmus-paper. It is, however, usually unnecessary to test 
preliminary examination (390). Proceed to examine for Group V. 
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Evaporate tlie filtrato from Group IV. to dryness in a porce- 
lain disli, scrape out the solid residue aud heat it to redness 
upoa a piece of platinum foil in the Bunsen flame as long as 
any white fumes are seen to be given off on removing the foil 
for an instant from the flame (note 1). All KH^-compounds 
are thus entirely removed. If any residue remains (note 2) it 
IB to be dissolved by boiling the foQ in a test-tube with a small 
quantity of water to which several drops of dilute HCl have 
been added. Divide this solution into two parts : — 



of Bb, Sr, nr Pj whi 
and nUch lui^lil eLsu tie 



lion of H^i to tha 
Iqi&d, bnll li>r h Bhort 



wbetber s pi-oi'ipllad 

a llttia Ama, '(hen 
AmHO Jn fi.jeM, thac 
aeveral d ropa ofAmoHlfO^ 
and wanji Benll)' ; if apj 
piecliriUtu has famaud 



lid. t5"whii,°h 



u qulcfcljr 

To the Xqnld. fn »hii;h 
(he addttjoa ot H^U,, 
AmCL AmHO In hiuib9 
and Am^^, cauits no 
lurther pTeulnltjitE, add 
Ka,HFO^ ioA 1( HO pn- 
dldtata lonos >t ubcb 

Bttr tba Uqui'd violently 
■ndlelltstaDdtoTBoma 
time : a wUIb ayUMl- 
line pisiapltato showB :— 



atforEimdNi 
'n of K aod »a 



Note 1. — If the residue is small in amount it mny be ignited in tlii 
diflli ; but this is not to bo generally recomioeiided, aa the porcelain 
diah is liabk ia be crocked b; the lieat, and it is also diStcult to get 
entirely rid o£ the NHj-salU by heating only in porcelain. 

yolt % — It is not safe to place luucb reliance upon an examination 
of the foil for the detection of a smM quantity of residue, but it mi/ 



" Traces of Ba, Sr, Ca may remain unprecipitated by A1O3CO, 
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usually be detected by its producing a crackling noise whilst the foil is 
cooling immediately after its removal from the flame. Should there be 
any doubt, the foil must be boiled with water and a drop of HCl, and 
the solution examined for Mg, E, and Na, as directed above. 

Note 3. — ^The examination of this flame coloration by means of the 
spectroscope will naturally suggest itself. 

A yellow coloration, more or less intense, will almost always be 
obtained here, since most substances and reagents contain small 
quantities of Ka ; hence the student must note the intensity of the 
coloration, and judge from it whether the quantity of Na is small or 
large ; he must then enter accordingly, either ^* presence of Na" or 
*^ presence of trace of Na." 

Note 4. — If iodine is present, PtCl^ will produce an intense red colora- 
tion; hence if iodine is suspected to be present, before adding PtCl4 
the above solution should be evaporated to dryness with a little strong 
HNO3, the residue dissolved in a few drops of dilute HCl and tested 
with PtCl^ for K. This is of course unnecessary if, before precipitating 
Group III. in the General Table, the solution has been evaporated to 
dryness with HNO3 . In case of uncertainty, add PtCl4 to a drop only 
of the above solution; and if iodine is found to be present proceed as 
is directed above. 

Note 5. — Mere traces of K and Na may be detected by adding PtCl4, 
and evaporating the liquid to dryness in a porcelain dish upon a water- 
bath; absolute alcohol is then poured into the dish and stirred; any 
yellow residue shows presence of K, the solution giving the pure Na 
coloration if Na is present. On filtering off the yellow residue and 
washing it with absolute alcohol, it will yield the pure K flame colora- 
tion. 
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TABLE OF SOLUBILITY. 
A bisnk signiGes that the solubility ia unknonti or unimportant. 
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The solubility of a compound is denoted by letters ; — 
w. Signifies soluble in naWr. 
a. Soluble in acids ; the l«rm standing for HCl, HNO|, and aqua 

regia. 
a"- Soluble in muriatic, or hydrochloric acid, 
a" Soluble in nitric acid. 
a~'' Soluble in a mixture of muriatic and a. 
but not in either acid saparataly. 
i. Insoluble in water 
w.a. Letters thus placf 



bilitiea denoted I: 
w-a. Letters connected 

only slightly eoli 

partially fall und 
w.b. Decomposed more „. .wo ^j « 

btisic salt which ia insoluble 1 






may therefon 
ond letter, 
.v.. — V. .....u .ormation of ■ 

water but soluble in acid. 
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EXAMINATION FOR ACIDRADICLBS. 



Introductory rbmarks. 



440. In conducting the examination for acid-radicles 
much time and trouble may usually be saved by consider- 
ing which of these radicles can possibly be present. The 
preceding examination will usually have limited this num- 
ber considerably (441), but it may be further reduced by 
the knowledge already obtained of the metals present, and 
of the solubility of the substance under analysis. 

A reference to the Table of Solubility on the preceding 
page will show how this knowledge may be applied. 

Only the most commonly occurring compounds are 
contained in this table, the solubility of other substances 
may be obtained by reference to Storer's " Dictionary ot 
Solubilities." 

The table is thus arranged : in a horizontal line at the 
head are placed the more commonly occurring metals, which 
yield salts or basic oxides: in the vertical column on thie 
left is a list of that portion of the names of the compounds 
thus formed, which corresponds to the acid-radicle. 

To find the solubility of any compound of one of the metals 
placed at the top of the Table, glance down the vertical 
column which is headed by this element, the letter indicat- 
ing the solubility of the compound will be found in a 
horizontal line with the acid-radicle portion of the name. 
Thus to find the solubility of zinc sulphate, it is only necessary 
to glance down the vertical column with Zn at its head : 
on a horizontal line with sulphate stands the letter w, show- 
ing that zinc sulphate is soluble in water. 

The way in which this Table is used after ascertaimxi^ \]cva 
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solubility of a substance under analysis, and detecting the 
metals present in it, may be explained by an example. In 
a substance which was entirely soluble in vxiter, the metals 
found were K, Ba, Ag. A glance down the columns headed 
by these three metals shows at once which acid-radicles may 
be present : all acid radicles might be present combined 
with K since all its salts are soluble in water, but the 
presence of Ba in a substance soluble in water shows that 
SO4, PO4, CO3, BO3, AsO^, CrO^, and F cannot be present, 
since these acid-radicles form compounds with Ba which are 
insoluble in water : Ag excludes in addition S, CI, Br, and 
I; hence amongst the more commonly occurring acid- 
radicles only NO3 need be tested for. 

This example shows how much the examination for acid- 
radicles may often be simplified, when the metals present in 
a substance and its solubility are known. 

441. Several acid-radicles will probably have been satis- 
factorily tested for in the preliminary examinations : in case 
their reactions have been interfered with by the presence of 
other substances, the analyst should refer to the reactions 
given in the fourth section and select one which will be 
decisive. 

The examination for metals also frequently yields proof of 
the presence of certain acid-radicles. Thus on passing HgS 
into the HCl solution : — 

A reddish yellow solution, becoming 
green and depositing white sul- 
phur, shows Presence 0/ {CrOJ' 

A green solution, becoming colour- 
less, shows Presence of (MhO J" 

A purple solution „ „ „ Presence of (MnOj 

A yellow precipitate of AsgSg, 
appearing only when the liquid is 
boiled, shows Presence of (AsOj' 

An insoluble residue of SiOg, after 
evaporating to dryness the filtrate 
from the HgS-group, shows Presence of (SiO^" 
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And a yellow precipitate obtained 
with AmHMoO^ before precipitat- 
ing Group III., shows Presence of (PO^)'" 

The presence of any of these acid-radicles thus detected will 
require no further confirmation. 

Of the acid-radicles which remain to be tested for, some 
can be detected by the plan drawn out in (442-445) ; others 
are most easily found by special tests made on the original 
substance (446-454). 
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GENERAL EXAMINATION FOR ACID-RADICLES. 



442. Before employing the liquid tests it is advisable to 
separate from the substance any metals other than K, Na, and 
NH4 which it may contain, since some of these are liable to 
be precipitated by the reagents added for the detection of 
the acid-radicles. If alkali-metals alone are present this 
separation is unnecessary, since they are not precipitated by 
any of the reagents. 

This separation of the metals may usually be effected by 
boiling a portion of the finely-powdered substance with 
NagCOg solution, which must be further added to the 
clear solution as long as it causes any precipitate. Filter 
from the precipitated carbonates, and divide the clear filtrate 

into five equal portions. Reserve one of these portions in 
case of accident and a second for the tests for organic acid- 
radicles, and acidify the others whilst they are hot by 
addition of HCl, HNO3, and HA respectively: examine them 
as is directed below, using a separate part for each test. 

Some metals cannot be completely precipitated as car- 
bonates by boiling with NagCOg solution : the presence of 
these metals in solution is, -however, frequently of no conse- 
quence. If they must be precipitated, addition of AmgS, 
or passage of HgS, will usually separate them as insoluble 
sulphides, but the subsequent separation of the excess of 
AmgS or HgS by gently warming the solution is troublesome. 

Since the analyst knows at this stage of the analysis 
what metals are present, it should not be difficult to 
separate them or to allow for their presence while trying 
the tests for acid-radicles. 

The clear acidified portions of the filtrate obtained aft^r 
boiling with sodium carbonate solution are tested by (443), 
and the farther special tests (446-454) are then tried if 
necessary. 
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443. 



I. Portion acidified mth HCl. 



On addition of BaClj solution a white precipitate in- ) 
soluble on boiling (444, 1) f 

On addition of BaClo solution, a semi-transparent ) 
precipitate insoluble on boiling (444, 2) . . ) 

On addition of AmCl and Ani2C08, a semi-trans-) 
parent precipitate j 

On addition of I'eS04 solution, a dark blue precipitate 

On addition of FooCl^ solution, a dark blue precipi- ) 
tate : FeS04 yielding a light blue precipitate . f 

On addition of FesCl^ solution, a red coloration, 
destroyed by pouring into HgOlj solution 



:} 



Present, 



(SO4)'' 
(SiFeY' 

(SiOar 
(FegCyij)'* 

(FeCy«)i'' 
(CySy 



• 


II. Portion acidified with HNO^. Bef er to (444, 3). 


Present. 


On addition of AgNOj, a pure white precipitate,) 
easily soluble in ArnHO (444, 1) . . . . j 

On addition of AgNOa, a light yellow precipitate,) 
with difficulty soluble in AmHO . .) 

On addition of AgNOa, a yellow precipitate, almost) 
insoluble in AmHO ) 

Refer to (445, 1). 


cr 

Br' 

r 





III. Portion acidified with HA 


Present. 


On addition of FbAg solution a yellow) 
precipitate (445, 2). f 

On addition of CaCl2 solution a white gela-) 
tinous precipitate ) 

On addition of CaCl2 a white pulverulent) 
precipitate ) 

On addition of Fe^Cle a yellowish white pre-) 
cipitate (449, 450) > 


(CrOi)" 
F*, probably. 
(C2O4)"*, probably. 
(PO*)"', or(As04r'. 



* F will be readily detected in this i>recipitate, or better in the 
original substance by (452), (CgO^)" by (463). 



Notes on the preceding Table. 

444, 1. Unless the NagCOs solution used in preparing the solution 
for these tests was pure, (SO4)" and (CI)', if detected, may have been 
present only as impurities in the NasCOs ; portions of the original sub- 
stance should then be tested by (446) and (447). 

2. The presence of (SiFg)" should be confirmed by adding KCl (300), 
or by evolving HF by strong H2SO4 (301) ; the HF is most readily 
obtained from the BaSiFg precipitate. 

3. Should AgKOg yield a black precipitate, this proves the presence 
of a sulphide, or possibly of a thiosulphate ; add HNO3 ^^^ ^oil, the 
black AggS will thus be decomposed, leaving a milky liquid, in which 
any other precipitate is readily seen after being coagulated by heating 
or shaking. 
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445. 1. It must be remembered that (Cy)', (FeCyg)*^ (FejOyu)^, and 
(CyS) are also precipitated by AgNOs, and therefore if these acid- 
radicles have been already found, a precipitate produced by AgNOs 
does not prove the presence of (CI)/ (Br)', or (I)', which acid-radicles 
must be specially examined for, as is directed below. 

If chloride, bromide, and iodide have all to be tested for, a portion 
of the NaaCOg solution must be examined by (273); or the precipitate 
obtained by AgNOj (443, II.) may be tested by (273 a) for CI, Br, I. 
If only bromide and iodide have to be tested for, use (274). 

2. If a white precipitate of PbS04 is produced here, it may be dis- 
solved by warming after the addition of AmHO in excess, which will 
form Am A (151); red basic lead chromate will reniain if a chromate 
was present. 



SPECIAL TESTS FOR ACID-RADICLES. 

446. Sulphate. — ^A portion of the original substance is 
boiled with HCl, and the decanted or filtered liquid is 
tested with BaClg: a white precipitate shows the presence of 
SO,. 

447. Chloride. — A portion of the original substance is 
warmed with HNO3, the solution decanted or filtered, and 
AgNOg added to it; a perfectly white precipitate, easily 
soluble in warm AmHO, shows the presence of chloride. 

448. Cyanide if present will have been detected by its 
special test (381) and by the smell of bitter almonds, which 
is given off by the substance after adding HgSO^ (411). 
Ascertain in what form cyanogen is present by (483). 

449. Arsenate. — This acid-radicle cannot be present unless 
As was detected during the examination for metals; the 
presence of (AsO^)'" is there rendered probable by the pre- 
cipitation of yellow AsgSg occurring only when the acid 
liquid saturated with HgS is boiled. K As has been found 
amongst the metals, proceed to test for (AsO^)'" by adding 
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HCl to a portion of the NagCOg solution (442) until it is 
acid, then AmCl, AmHO in excess, and MgS04; filter off any 
precipitate which forms on warming and shaking the Hquid, 
and pour a few drops of AgNOg solution upon the white 
precipitate on the filter, a change of colour to brown shows 
the presence of {AsO^'". 

450. PJiosphate. — ^Boil some of the original substance with 
dilute HNO3, and add a little of the clear solution to some 
AmHMoO^ solution ; shake and stir the liquid well, and if 
no precipitate forms warm very gently, a yellow precipitate 
shows the presence of (PO^"'. 

If (A8O4)'" has been detected (449) this test for (PO4)'" is only trust- 
worthy when the yellow precipitate has been obtained either in the 
cold or by employing a very gentle heat. If any doubt is felt con- 
cerning the presence of (PO4)'", boil some of the substance with strong 
HCl, and examine for (PO4)'" after having entirely separated the 
(A8O4)'" by passing HgS into the boiling HCl solution. A doubtful 
precipitate with AmHMo04 may be proved to contain phosphate by 
dissolving it in AmHO, adding AmCl and MgS04, filtering and dropping 
AgNOs upon the precipitate, if phosphate is present it turns yellow, if 
arsenate brown. 

451. Borate. — Warm a portion of the substance with a 
Uttle dilute HCl, dip into the solution a strip of turmeric 
paper and dry it in a steam-oven or at a gentle heat, if the 
sUp is reddish brown and becomes blue black when moistened 
with AmHO, the presence of {BO^'" is shown. 

452. Fluoride. — Pour upon a portion of the powdered 
substance strong HgSO^; warm the mixture in a leaden or 
platinum crucible covered with a watch glass, which has 
been coated with paraffin wax, and has then had charac- 
ters traced through the film with the point of a penknife : 
the characters are etched upon the glass (296), showing the 
presence of F. 

If SiOg is known to be present, the test must be made by 
conducting the gas, which is evolved when the substance is 
heated with strong HgSO^, into dilute AmHO, when a 
deposit of gelatinous H^SiO^ proves the presence of F. 
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453. Oxalate. — The precipitate produced by CaClg in III 
(443), or the original substance if it contains no carbonate, 
is mixed on a watch glass with MnOg free from carbonate, 
and with strong HgSO^, and gently warmed : COg is evolved 
and detected by holding over the bubbles which rise from 
the mixture a rod moistened with lime water, or by in- 
verting another watch glass containing on its under sur- 
face a drop of lime water over the glass containing the 
mixture. 

453 a. Tart/rate, — The presence of T will probably have 
been indicated in the Preliminary Examination (388, 
41 2 '9). In order to confirm its presence, any metals of 
Groups I., II. and III. must be separated by HgS or AnigS ; 
CaT is then precipitated from the liquid, made just 
alkaline with AmHO and mixed with a little AmCl, by 
adding excess of CaClg, shaking well and letting stand for 
some time. A precipitate may consist of CaT, Ca3(P04)2, or 
CaO. By shaking this precipitate with cold KHO solution, 
CaT is dissolved and may be reprecipitated from the solution 
or filtrate by diluting and boiling for some time : the liquid 
is decanted and the precipitate is then gently warmed with 
a little very dilute AmHO and a crystal of AgNOg, a metallic 
mirror shows the presence of T. 

454. Sulphide, — Very small quantities of S may be detected 
by boiling the substance with KHO for some time, and 
adding to the clear solution alkaline PbA2 solution, when 
a black precipitate or coloration will appear. 



This concludes the ordinary method of examining a solable sab- 
stance : the remaining paragraphs of this section treat of special pro- 
cesses which are necessary for the analysis of certain substances. 
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REMARKS ON THE PRECIPITATION OF 

GROUP III. 



459. In the General Table (419) it is assumed that in 
the absence of (PO^)'" the two Sub-groups III.a. and III.b. 
can be separated from one another by adding first AmCl 
and then excess of AmHO to the solution, Group III.a. 
alone being thus precipitated, and Group III.b. being after- 
wards precipitated by adding AmgS to the filtrate. 

It is true that AmCl entirely prevents the precipitation 
of Group III.B. by AmHO if certain other metals are absent 
and the solution is kept covered fix)m the air; but the 
members of Group III.A., if they are present at the 
same time in the solution, are precipitated by AmHO ; and 
the presence of AmCl will not prevent Mn and Zn from 
being partially precipitated with them, Mn particularly 
showing a tendency to be precipitated with Fe, and Zn 
with Cr. 

Hence if Mn or Zn be present in small quantity only, it 
may be entirely precipitated in Group III.a. This is not a 
serious matter in the case of Mn, since it is readily detected 
in the ordinary examination of the precipitate by Table 
III.a. by yielding a green mass on fusion with NagCOg and 
KNO3 ; but Zn may be entirely passed over, since if it had 
been precipitated with CrgHgOg its presence would certainly 
not be detected in Table III.a. 

The method of dissolving the precipitate obtained in 
Group III.A. several times in HCl and reprecipitating it 
with AmHO, to some extent meets this difficulty ; but it is. 
preferable whenever a precipitate is produced on adding 
AmCl and AmHO, and traces of Mn and more particularly 
of Zn have to be tested for, to precipitate Groups III.a. and 
III.B. together, by adding in succession AmCl, AmHO, and 
AjUgS, and boiling. The precipitate is then examined by 
Table IILc. (464, 465) for Groups III.A. aa^ 1\\.^., >i5£i^ 
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filtrate being examined, as is directed in the General Table, 
for Groups IV. and V. 

It must be understood that if no precipitate is produced 
by AmCl and AmHO, AmgS may be added at once ; any 
precipitate which is formed is then examined by Table III.B., 
since in the absence of Group II I. a. the members of Group 
III.B. are not precipitated by AmHO in the presence of Amd. 

460. The presence of (FO^)'" in the HCl solution which 
has to be examined for Groups III., IV. and V. involves no 
special procedure if AmHO added after AmCl produces no 
precipitate, since the phosphates of Groups III. and IV. and 
of Mg must be absent. If, however, on adding AmCl and 
AmHO a precipitate is formed, the directions given at the 
head of III.d. (466) must be followed, and the precipitate 
must be examined by that Table. 

The reason for this departure from the ordinary course of 
analysis is that, whereas Al, Or, Ba, Sr, Ca and Mg, if present 
as phosphates, are completely precipitated by AmHO, the 
phosphates of Ni, Co, Mn, Zn and Fe, are only partially 
precipitated by AmHO ; their metals are however entirely 
precipitated by AmgS. The filtrate from AnigS is then 
examined as is directed in the General Table for Groups IV. 
and V. 

The principles on which the method drawn out in Table 
III.D. is founded are : — 

1. The insolubility of the phosphates of Al, Fe and Cr in 
HA in the presence of an alkaline acetate, the other portions 
of the precipitate being soluble. 

2. The separation of aU the (PO^)'", which is in the HA 
solution combined with Ba, Sr, Ca, or Mg, by the addition 
of FcgClg in an acetic acid solution. 

The ftirther separation of Al, Fe and Cr phosphates is 
somewhat complicated by the fact that AlPO^ is only 
decomposed by fusion mixture when SiOg is also present, 
and this SiOg has to be removed after the fusion by methods 
which wiU be intelligible on reference to (292, 291). 
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461. In obtaining the precipitate for Table III.d., the 
precipitates produced by AmHO and AnigS must be filtered 
and washed separately ; since phosphates of Fe, Zn, Mn, 
Ni, and Co are converted by AnigS into sulphides, with 
formation of ammonium phosphate in solution, and this 
would precipitate Ba, Sr, Ca, Mg as phosphates even if they 
were not originally present in that condition. This pre- 
cipitation would not only complicate the process of analysis, 
but would also render it impossible to state whether Ba, 
Sr, Ca and Mg were originally present as phosphates 
or not. 

The phosphates of Groups III. and IV. and of Mg are 
accordingly first precipitated by AmCl and AmHO, then 
any members of Group III.b. and any remaining traces of 
phosphates of Group III. are precipitated from the filtrate 
by AmgS. The two precipitates are mixed and treated 
with AmgS, which will dissolve away the (POJ'" from the 
phosphates of Fe, Zn, Mn, Ni, Co, leaving the other 
phosphates imdecomposed ; hence, on filtering and testing 
the filtrate with AmCl, AmHO and MgSO^ the formation 
of a white crystalline precipitate indicates the presence of 
(PO4)'" and indirectly establishes the presence in the 
original precipitate of phosphate of some one or more of the 
metals Fe, Zn, Mn, Ni, Co. 

462. Oxalates, borates, fluorides, and silicates of Ba, Sr, 
Ca, Mg would likewise be precipitated by AmHO in Group 
III.A. ; but by the evaporation of the HCl solution after 
passing HgS, H3BO3 and HF are usually volatilised, and 
H2Si03 becomes insoluble; oxalates are also decomposed 
by a gentle ignition of the solid substance remaining after 
evaporation. 

The best course to be pursued in precipitating and 
examining Group III. will be found in (463). 
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RULES FOR THE PRECIPITATION AND EXAMINA- 
TION OF GROUPS IILa. AND IILb. 



Refer to (459-462) for the explanation of these Rules. 

463. The following rules may be laid down for precipi- 
tating and detecting members of Groups III. a. and III.b. in 
the HCl solution, a small portion of which has been tested 
for (PO4)'" by AmHMoO^ (419) :— 

I. If the addition of AmHO after AmCl causes no pre- 
cipitate, showing the absence of Al, Fe, Cr and of their 
phosphates, and of phosphates of Ba, Sr, Ca and Mg, Am2S 
is at once added, the liquid boiled, and any precipitate 
which forms is examined for members of Group III.b. by 
Table III.b. (437) : this course is pursued whether (POJ'" 
is present or absent, since even if phosphate is present, 
metals of Groups III. and IV. and Mg are not present as 
phosphates. 

II. If the addition of AmHO after AmCl causes a pre- 
cipitate, showing the presence of Al, Fe, Cr, and {PO^)'" is not 
present, the plan of precipitation depends upon the object 
of the analyst. 

If small quantities of Zn need not be tested for, the 
method given in the General Table (419) may be followed. 

If traces of Zn have to be tested for in the solution, add 
AmCl, then AmHO and AnigS in excess, boil, filter, and 
examine the precipitate by Table 111.0^ (464) or IILOj 
(465). The method described in Table IILCj gives trust- 
worthy results, and is to be used for very careful analysis ; 
the method in Table Ill.Cg is however much more simple, 
and is sufficiently accurate for general use. 

III. If the addition of AmHO after AmCl causes a pre- 
cipitate and {PO^'" is present, the method of precipitation 
to be adopted together with the Table for the examination 
of the Group precipitate, will be found in (466) 
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464. TABLE IILci.-— THE SEPAEATION OF 
GEOUPS niA AKD IIIb BY BaCOc 



'3* 



The precipitate may contain Fe, Al, Cr, Zn, Mn, Ni, Co. 
Einse it off the filter into a porcelain dish, using as little 
water as possible, add some strong HGl and boil, adding at 
intervals a small crystal of KGIO3 until all is dissolved but a 
small quantity of yellow sulphur. Evaporate very nearly to 
dryness, dilute with a little water, and pour, through a filter 
if necessary, into a small flask. Gool, pour in a small quan- 
tity of BaCOg suspended in water, cork the flask tightly and 
shake well; repeat the addition of BaCOg and agitation 
until the precipitate is distinctly whitened by the excess of 
BaGOg : then shake well and allow the flask to stand by 
corked for at least fifteen minutes, occasionally shaking it 
vigorously. Let the precipitate subside, filter; wash the 
precipitate with a little cold water allowing the washings to 
run through into the filtrate, then wash thoroughly, rejecting 
the washing-water : — 



1. Precipitate may contain Fe, Al, 
Cr, and BaCOs ; dissolve it in as 
little boiling HCl as possible; 
remove Ba from the boiling 
B^ution by adding boUina dilute 
H2SO4 gradually, until after 
allowing the precipitate to 
settle, a few additional drops 
of acid cause no further pre- 
cipitate (Note 1, below); filter, 
add pure NaHO in excess to the 
filtrate, boil and filter : 



Precipitate: ex- 
amine for Fe 
and Cr by co- 
lumn 2, Table 
III.A (436). 



Filtrate : exa- 
mine for Al 
by Column 1, 
Table III.A 
(436) 






Note 1. — The separation of Ba 
"Hay be neglected here, the preci- 
pitate being at once boiled with 
^aHO : in this case much white 
^aCO. will remain with the FcgOa 
*f ter fusion to separate Cr ; it will 
**owever dissolve with the Fe and 
^^Use no complication. 



2. Filtrate may contain Zn, Mn, Ki, Co, and 
BaClo . Kemove Ba by adding to the boiling 
liquid boiling dilute H2SO4 gradually, until 
the last few drops produce no further pre- 
cipitate in the clear liquid from which the 
BaS04 has been allowed to settle ; filter ; 
add pure NaHO in excess to the cold filtrate, 
stir weU and filter : 



Precipitate may contain Mn, Ni, 
Co ; rinse otf the filter into a 
porcelain dish with as little 
water as possible, add some 
strong HCl and boil ; evapo- 
rate nearly to dryness, add 
a little strong solution of 

NaAto the liquid, pass H2S 
td saturation, filter : 



Precipitate : ex- 
amine for Xi 
and Co ac- 
cording to 
Table III.B, 
column 1 
(437). 



Filtrate : add 
Am HO in 
excess ; a 
fiesli colour- 
ed precipi- 
tate shows : 

Presence of Mn 



Filtrate : pass 
H2S a white 
precipitate 
indicates : 
Presence of 
Zn. 



\ 
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465. TABLE IILca.— FOE EXAMEKTATION OF 

pages, i^move the precipitate produced by AmCl, AmHO, and Am^S 
pouring in dilute HCl and gently stirring and shaking the liquid : 
filter (see Note 1) :— 



Reridus if black may 
contain NiS and CoS; 
examine it as directed 
in Table III.B, column 1 
(437). 



FUtrate may contain Al, Fe, Cr, Zn, Mn. Carefully note its 
of this observation, examine the liquid by column I. or IL 



1. 3V^ liquid is perfectly colourless : Absence of Cr. 

Boil the liquid in the dish for a few minutes untQ it no 
longer smells of H«S, then add a small crystal KClOs and 
boil down to a small bulk ; cool, add NaHO in excess, stir 
well and filter : 



FreeipittUe may contain Fe, 
Mn. Dry and fuse it on 
platinum foil with Na^CO, 
and ElNOs ; a blue green 
mass shows : 

Presence ofMn . 

Boil the foil in a porcelain 
dish with water for some 
time, and if any undis- 
solved residue is left, de- 
cant the liquid, boil the 
residue with HCl, and add 
ECyS ; a blood red colora- 
tion shows : 

Presence of Fe (Note 8, 430). 



I 



FUtrate may contain Zn, AL 

Divide into two equal puts 

(Note 2). 
Into one i>ortion pass H^S ; a 

white precipitate forms at 

once: 

Presence of Zn . 

To the other portion add 
AmCl in excess, and heat ; 
a colourless flocculent pre- 
cipitate : 

Presence of AX, 



Note 1. — ^A mere milkiness, due to the separation of sulphur, shows the 

Note 2. — ^Al and Zn may also be detected without dividing the filtrate by 

colourless flocculent precipitate shows Presence of Al: this is filtered off and H^ 
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GEOUPS III. A. AND IIIb., WHEN MIXED. 

from the filter by opening the filter out inside a porcelain dish, 
take out the filter paper, stir well, and if any black residue is left. 



colour, which is best seen by i>oiirlDg it into a white porcelain dish, and according to the result 



n. The liquid has a violet or bright green colour : Presence of Or . 

Boil the liquid in the dish until H2S is no longer smelt, drop in a smaU crystal of EClOs 
and boil down nearly to dryness ; dilute with a little water, i)our into a small flask and 
add BaCOg suspended in water graduaUy whilst constantly shaking the liquid until the 
excess of BaCOj whitens the precipitate, cork the flask and allow it to stand for not less 
than fifteen minutes, occasionally shaking it well ; filter, wash first with cold water letting 
the washings run into the filtrate, then with boiling water rejecting the washings : 



Precipitate may contain 
Fe, Al, Cr; examine 
it by column 1, Table 
ni.Gi (464). 



FUtrate may contain Zn, Mn ; boil, and whilst boiling add 
boiling dilute H2SO4 gradually until the last few drops 
cause no further precipitate, filter from BaS04 ; cool, add 
pure NaHO in excess, stir weU and filter : 



Precipitate: dry and fuse 
with NaaCOg and KNOg on 
platinum foil ; blue green 
mass : 

Presence of Mn . 



Filtrate: pass HjS; white 
precipitate : 

Presence of Zn . 



absence of Ni and Co, and does not render filtration necessary. 

adding to it HCl gradually until it becomes acid, then AmHO until aikaliue, a 

passed into the filtrate, a white precipitate shows Presence of Zn. . 
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TABLE III.D.— FOR EXAMINATION 

466. If (PO^)'" is found in the HCl solution in the General Tahle 
on addition of AmCl and excess of AmHO, the liquid containing the 
washed well with hot water. To the filtrate AnigS is added in excess 
Groups IV. and V. (419, 431). The two precipitates yielded hy 
well with a little AnigS, then filtered, and the residue on the filter 
adding MgSO^ ; if this is present Fe, Zn, Mn, Ni, Co, one or more 

The residue left after stirring with AnigS may contain Ba, Sr, 
Cr as hydrates. Remove it from the filter and heat it with dilute 
several small crystals of KCIO3, and evaporate very nearly to dryness. 
NaA (552. 84), as long as any precipitate is produced. 

Heat gently, and filter while hot : — 



Filtrate : Add FejCls (Kote 2) drop by drop as long as a pcecipitate forms, and until the 
liquid, after being well stirred or shaken, remains reddish : addition of FesCla in 
large excess must be carefully avoided. Warm gently for some time, fUter whilst hot, 
and wash with hot water : 



Filtrate : Add 4mCl, AmHO (Note 8), and AmgS : filter : 



FiltraU : Add AmgCOj : filter : 



Precipitate TOAy con- 
tain BaCOs, SrCOa, 
CaCOs. Examine 
this precipitate by 
Table IV. (488). 

Ba, Sr, Ca, if found 
in this precipi- 
tate, were present 
in the solution as 
phosphates. 



I. 



Filtrate may contain 
Mg ; after remov- 
ing any traces of 
Ba, Sr, Ca (Table 
439 Column I.) add 
Na2HP04, warm 
and shake well ; 
white crystalline 

Precipitate : 
*re8ence of Mg a» 
phosphate. 



Precipitate : examine 
by Table III.C. 
(464, 465) for Zn, 
Mn, Ni, Co, also for 
Al and Cr. 

Test a portion of the 
original solution, or 
the solution of the 
substance in HCl, for 
Fe" and ¥e"' accord- 
ing to note 3 (436). 



Precipitate con- 
taining FeP04 
may be ne- 
glected. 



Note 1. — An insoluble residue here may contain StSO^ and BaS04 and must 
sent originally as phosphates. 

Note 2. — A few drops of FegClg may be added to a small part only of the 
&t once for Groups III. and IV. and for Mg, without adding FegCIg . 

Note 3. — Since this filtrate has to be tested for Groups III. A and III.B, it 
analysing the precipitate by Table III.o, or by precipitating Groups III.a 
precipitates by Tables III.a and III.B (436, 437). 

Note 4. — Since CrP04 is rarely present, this precipitate may generally be tested 
detected by adding AmCl in excess which gives a gelatinous precipitate; 
adding KCyS . 
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OF PHOSPHATES IN GROUP HL 

(419) after precipitating Groups I. and IL, and a precipitate forms 
precipitate is gently, heated, filtered quickly, and the precipitate is 
and the solution boiled, then filtered, and the filtrate examined for 
AmHO and by AmgS are transferred to a porcelain dish and stirred 
is washed well. The filtrate should be examined for (POJ'" by 
were present as phosphates. 

Ca, Mg as phosphates ; Fe, Zn, Mn, Ni, Co as sulphides ; and Al, 
HCl in a porcelain dish. If this does not dissolve it, drop in 
Filter off S if necessary (Note 1) ; then add a solution of HA and 



Precipitate may consist of FeP04 AIPO4, CrP04 (Note i\ Dry the precipitate on the 
filter, and fuse it for a short time in a platinum cruciDlo or on platinum foil with a 
mixture of finely powdered SiOj, Na^COs, and KNOg. When cold dissolve by boiling 
with a little distilled water, add AmjCOa ; allow to stand for a short time, stirring 
occasionally ; let the precipitate subside, filter : 



Filtrate : add HA 
until the solu- 
tion is acid, boil 
for a short time, 

then add PbAj ; 
yellow precipi- 
tate of PbCr04 : 
Presence of Cr, as 
phosphate. 

Note. — A white 
precipitate on 
addition of PbA, 
may be disre- 
garded. 



Precipitate may contain H 48104, Fe and Al as silicates, and 
FegHoe. Acidify with HCl, evaporate to dryness, and heat the 
dry residue jrently. Warm with a few drops of strong HCl, add 
hot water, and filter : 



Filtrate 

filter : 



add pure NaHO in excess, boil and 



Filtrate : add Am 01 in 
excess, boil : white, 
gelatinous precipi- 
tate: 

Presence of Al a» 
phosphate. 



Precipitate is brown 
FejHoj: dissolve by 
boiling with HCl, 
and add KCyS : 
blood-red coloration : 
Presence of Fe as 
phosphate. 



Residue is SiO] 
and may be 
neglected. 



be examined by the latter part of (428): Ba or Sr, if found here, were pre- 
filtrate and heated ; if it causes no precipitate the other portion may be examined 



may be examined either by adding AmCl, AmHO, and Am2S together and 
and III.B separately by AmCl and AmHO and by AmjS, and examining the 

by boiling with excess of NaHO, and filtering; AIPO4 will be in solution, and is 
Fe^Hog remains as a precipitate and is detected by dissolving in HCl and 



270 ANALYSIS OF COMPLEX SUBSTANCES. [467, 468. 



ANALYSIS OF METALS AND ALLOYS. 



467. The metal is first reduced to powder, filings, or 
thin turnings or shavings. After making the following 
Preliminary Examination (468), either of the two methods 
described in (470, 471) may be adopted. 

The^r«^ method should be employed for the examination 
of a metal or alloy of unknown composition, since all metals, 
even when present in small quantity only, may thus be 
detected. 

In making the solution by the second method, Sn, Sb, Au, 
and Pt are left undissolved, all other metals passing into 
solution ; it is not however to be recommended as a general 
process for examination of metals and alloys, since the follow- 
ing complications are apt to occur. 

If As is present with Sn, a part or the whole of the As 
may remain in the residue ; Pt, if present with a sufficient 
quantity of Ag, may pass entirely into solution ; and Sb 
will always partly dissolve. The process however is useful 
in cases where an alloy, known to contain a large proportion 
of Sn or Sb, has to be examined for other metals, since these 
are dissolved away at once from the bulk of the Sn or Sb, 
but care must be taken that As is not passed over in the 
presence of Sn. 

Prbliminaby Examination. 

468. Note the colour of the substance, and also any smell 
that may be given off when it is rubbed with the hand ; also 
whether it is crystalline or not, and if it is attracted by a 
magnet (Fe, Ni, Co, &c.). 

Note also the hardness of the metal, by seeing if it can be 
scratched or cut by a steel knife; also whether on being 
struck smartly with a hammer it breaks to powder (brittle), 
or flattens out (malleable): then try the following experi- 
ments with separate small portions of the substance : — 

L Heat with NaaCOa on charcoal in the inner blowpipe flame (408, 
404, 405). 
II. Fuse into a colourless borax bead (401). 
IIL Try the flame coloiatioii {^^*l\ 
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IV. Heat in an ignition tube, and note whether a metallic sublimate 
of Cd, As, or of globules of Hg forms ; or whether S sublimes 
from a sulphide. 

i69. P, As and S can frequently only be detected as phosphate, 
arsenate and sulphate by dissolving the substance in strong HNO3, or 
in aqua regia, or by fusing it with ENOg and Na^COs and dissolving 
in water, and testing the solution by (450, 449, 446). 

Si can be detected as SiO, by evaporating the acid solution (428). 



Solution and Examination op a Metal or Alloy. 

470. Method I. — Pour some rather dilute HCl upon the 
powdered metal in a small flask covered with a watch-glass 
with its concave surface upwards, and heat for some time just 
short of boiling; if the metal dissolves readily, continue 
heating until the metal is completely dissolved, and examine 
the H(^ solution according to the General Table (419). 

Frequently HCl alone does not effect complete solution, 
two or three drops of strong HNO3 should then be poured in, 
and more HNOg and HCl added occasionally when the action 
ceases or when red fumes are no longer given off on heating. 
When the metal has entirely disappeared, add a little more 
strong HCl and boil as long as any CI or reddish fumes are 
given off; then dilute with a little water, heat to boiling, 
and cool ; filter if there is any white residue : — 



ResidtLe, if crystalline, is pro- 
bably PbClj, and will be found 
to dissolve entirely if washed 
with suflBcient boiling water. 

In this solution the presence 
of Pb is confirmed by adding 
K,Cr04, which gives a yellow 
precipitate soluble in excess of 
kHO, showing Presence qf Ph, 

If any residue is left after washing 
well with boiling water, it is pro- 
bably AgCl ; confirm the pre- 
sence of Ag by pouring upon the 
residue hot AmHO, it dissolves 
completely and is reprecipitated 
on aading HNO3 in excess : — 

Presence of Ag . 



Piltrate (note 1) : dilute largely 
with H3O (see note 2), and 
whether this causes a preci- 
pitate or not, pass HjS to sa- 
turation into the cold solution ; 
examine any precipitate thus 
produced by Table II. (435), 
and proceed to examine the fil- 
trate for Groups III., IV., and 
v., as directed in the Greneral 
Table (419). 



Note 1. — If Au and Ft may be 
present, they must be tested for in 
the HgS precipitate, according to 
the directions in (472-474). 

Note 2. — A white precipitate ap- 
pearing on dilution is due to the 
presence of Bi, Sb, or Sn . 



\ 
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471. Method II. — Pour upon the finely divided metal 
some strong HNOg*, and heat in a small flabk covered with a 
watch glass, as long as any red fumes appear : one of two 
results will occur : — 



I. 


II. 


The substance dissolves 
completely vnth ar toith- 
out addition of water. 
Absence of Pt, Au, Sb, 
Sn (note 1). 

Examine the solution, 
after boiling nearly to 
dryness and diluting 
with water (note 2), by 
the General Table (419). 


A residue is left : add some hot water and boil, then 
filter and wash the residue on the filter well with 
boiling water (note 2). The residue may present 
the following appearances :— 


1. Entirely metallic or bUiek 
powder: probably Pt or Au. 
Dissolve by heating in a small 
flask covered with a watch 
glass, with a little HCl to which 
a few drops of HNOghave been 
added. When completely dis- 
solved add more HCl, and boil 
down in an evaporating badn 
nearly to dryness, examine the 
solution for Au and Pt by (474), 
commencing with the addition 
of ECl and using only the left 
hand side of the table, since 
Sn will be absent. 


2. Whits powder 
may contain Sn, 
Sb, As, possibly 
also Pt and Au 
concealed in it 
(note 3> 



Note 1. — The solution is liable to contain small quantities of these 
metals, which must always be tested for in a careful analysis. 

Note 2. — BiOCl will often precipitate on dilution, but the precipitate 
will disappear on adding HCl and boiling, being thus easily distin- 
goished from the Group I. precipitate. 

Note 3. — If much residue is obtained a small quantity of it may be 
heated in a test-tube with HCl adding KClOg, if it dissolves entirely 
dissolve the whole of the residue, then examine the solution by Table 
II., commencing at (435 h) : if it refuses to dissolve proceed with the 
rest of the residue as directed below. If the residue is small in quan- 
tity examine it at once as directed below. 

Examination of the Non-metallic Eesidue insoluble in 
HNO^, — Dry the residue on the filter at a gentle heat, mix 
it thoroughly with about an equal quantity of powdered 
NagCOg and NaNOg, and add the mixture gradually to some 
NaNOg in fusion in a porcelain crucible; then pour the 



* If Hg is found in the preliminary examination and small quantities of 
Ag have to be tested for, the Hg should be expelled by heating the sub- 
stance strongly in a porcelain crucible before dissolving in acid, t» 
BgiNOf)^ tends to prevent the precipitation of A g by HCl in Group I. 
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melted substance out into a porcelain dish ; allow it to cool 
then pour upon it cold water and let it stand for some time. 
After crushing the mass with a pestle and stirring it occasion- 
ally, filter, and wash the residue on the filter with dilute 
alcohol, throwing away the washings ; — 



Residue may contain Sn, Sb, Pt, Au. Place 
it in a small porcelain dish, pour in a 
little HCl and heat, then add water ; 
whether the residue has dissolved or not 
place in the liquid a strip of Pt-foil and 
orop upon it a piece ot pure Zn ; re- 
move the platinum strip in a few seconds ; 
if it is stamed black 8h is present. Wait 
until the evolution of H ceases, taking 
care that there is some Zn left undis- 
solved, and adding more Zn if the first 
piece has entirely dissolved. 

The residue in the dish may consist of Sn, 
Au, and Pt ; remove the Zn, rinsing off 
any substance adhering to it into the 
dish, stir the liquid in the dish well, then 
pour ofif the liquid, carefully leaving the 
residue ; pour in water, stir well, and 
again pour off carefully. Boil the residue 
for some time with strong HCI in a test- 
tube, dilute, decant, add HgOlg , a white 
precipitate forms : — Presence of Sn . 

Mesidtie: dissolve by warming with HCl 
and HNOj), and examine the solution for 
Au and Pt by (474), using only the left 
hand portion of the table. 



Filtrate may contain 
(As04r: add HNO3 
until the solution is 
acid and boil, evapo- 
rating the liquid in a 
dish if very bulky. 
Pour into half this 
solution AgNOgaslong 
as it gives any precipi- 
tate, and add gradually 
AmHO diluted with 10 
or 12 times its bulk of 
water, a brown preci- 
pitate shows : — 
Presejux of As . 

To the other half of the 
acid solution add 
AmHO in excess, then 
MgS04, and rub the 
inside of the vessel 
with a glass rod ; a 
white crystalline pre- 
cipitate, often appear- 
ing only after some 
time, shows : — 
Ftesence of As, 



SEPARATION AND DETECTION OF Au AND Pt. 

472. Au and Pt will, in the ordinary course of analysis, 
be entirely precipitated as sulphides in the second Group, if 
HgS is passed for some time into the hot HCl solution ; and 
eince these sulphides are soluble in KHO and in AmgS, on 
examining the HgS precipitate by Table II. (435), the Au 
and Pt will pass into the filtrate when the precipitate is 
boiled with KHO or AmgS. No modification of the igit^^^^a 
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described in Table IL is required for the detection of these 
two metals until the examioation of the residue in the 
hydrogen flask is commenced. The Au and Pt will be pre- 
sent in this residue, associated with Sn if it be present, and 
usually also with at least a part of the Sb (if present), since 
Zn in contact with Pt in an acid liquid causes the separa- 
tion of metallic Sb (193). Accordingly when Au and Pt 
have to be tested for, the ordinary course of analysis is to be 
followed until the residue in the hydrogen flask is obtained ; 
and this is examined as directed in (473). 

473. After washing the residue left in the hydrogen flask 
by decantation in a porcelain dish, and removing any excess 
of Zn, boil it with a little strong HCl in a test-tube for 
several minutes, allow the residue to settle, and decant the 
liquid : — 



474. Residue*: pour npon the residne in the dish a little HCI, 
add several drops of HNO3, aod boil gently very nearly to 
dryness ; add some KCl solution and evaporate once more 
very nearly to dryness. Pour some absolute alcohol into 
the cool dish and stir well for a time, allow the precipitate 
to settle and decant the liquid, wash the precipitate by 
Stirling it with a little more alcohol and decant the liquid 
when the precipitate has settled : — 



Precipitate will consist of 
yellow KoPtClg and excess 
of KCl, dissolve it in a little 
boiling water, pour it into 
a white dish, add several 
drops of HCl, then SnClj : 
an orange red coloration 
confirms the 

Presence of Pt. 



Solution will be yellow if Au 
is present ; evaporate care- 
fully on a water-bath just to 
dryness, dissolve in a little 
water and add a few drops 
of freshly prepared FeS04 
solution. Au will be pre- 
cipitated in a fine powder, 
causing the liquid to appear 
reddish by reflected and 
blue by transmitted light : — 

Presence of Au. 



Solution: to one 
part add HgClj 
a white preci- 
pitate, which 
does not appear 
at once if only 
traces of Sn are 
present : 
Presence 0/ Sn . 

Pour the other 
part of this 
solution into a 
porcelain dish, 
immerse in it a 
strip of Pt and 
drop a piece of 
Zn on the Pt ; a 
black stain on 
the Pt shows: — 
Presence o/Sb . 



* If Sb has not been detected already in the precipitate produced by 
the gases in AgNOg solution (435 b) this residue should be examined for 
Sb, as the Sb instead of having been given off as SbHg, may have been 
deposited on the Pt or Au. Boil it once more for some time with strong 
HCl to remove all Sn, wash the residue well by decantation and boil it in 

the dish with HjT adding a few drops of HNO3, decant, and test the liquid 
for Sb by adding HCl and passing H,S : the residue is then examined as 
above (474). 



*75.] 



INSOLUBLE SUBSTANCES. 



275 



EXAMINATIOlSr OF SUBSTANCES INSOLUBLE IN 

WATER AND ACIDS. 

475. An insoluble substance may consist of one or more of 
the following substances, all of which are white except FejO^, 
CrgOj, FeOPgO^, PbCrO^, S, C, native SnOg and CaFjj, and 
AgCl which has been exposed to light 

In the following list those substances which are embraced in brackets 
( ) mskj possibly be present, those in square brackets [ ] improbably 
because they are soluble in water. 



} 



1. BaSO^ 

2. SrSO^ 

3. [CaSO;\ 

4. {PbSO^} 

6. FbOrO^ 
6. [P6C7J 



7. AgCl 



8. SiO^ 

9. (Al^O^i) 

10. (Fe^O^) 

11. {Cr^O^) 

12. FeCr^O. 

13. (SnO^) 

14. Sb^O^^Sb^O^ 

16. CaF^ 

16. S 

17. C 






( 



Insoluble in water and acids. 
Insoluble ,, „ 

Not perfectly insoluble in water, soluble in hot 
HCl, and should therefore pass into the acid 
iw solution. 

Insoluble after being strongly heated. 

Soluble in boiling water, and should therefore 
have been removed if the residue was well 
washed with boiling water. 

This may have been originally present as such, or 
may have been derived from the use of HCl in 
making the solution, or by the action of aqua 
regia on the insoluble substances AgBr, Agl, 
AgCy, AggFeaCyia, Ag^FeCyg. 

Either uncombined, or as a sUicate. 

Insoluble after being strongly ignited, but 
usually dissolved by long boiUng with strong 
HCL 

Chrome iron ore, native. 
Native or ignited. 

Also a few other fluorides, and some metaphos- 

phates and arsenates. 
Yellow, slowly soluble in strong HNOj, giving 

red fumes, and yielding HjS04. 
Black, and quite insoluble. 



If sufficient of the substance is at disposal, the preliminary examin- 
ation (476) may be made on a portion of it. In case the quantity 
of substance is small, however, the whole of the substance must be 
employed for the examination by fusion (477). 
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Preliminary Examination op Insoluble Substances. 

476. The substance must be in the state of dry powder. Make a 
careful examination of it with a pocket lens. Expts. I. and IL need 
only be made if the substance is light in colour. 



Experiment. 



I. Observe whether the 
substance darkens when 
allowed to stand in the 
light for some time. 



/ 



II. Pour a little ArajS 
upon a portion of the 
substance on a watch 
glass. 



III. Heat some of the sub- 
stance with a little water 
and a small piece of ECy ; 
filter off, Iceeping the 
residue; to the filtrate 
add AmjS . 



IV. Wash the residue from 
Exp. III. well ui>on the 
filter:— 

a. It is vMte; drop ArozS 
upon it. 

h. It is dark coloured : add 

water and HjT, and boil 
after adding AmHO in 
excess ; filter, to the fil- 
trate add HA in excess 
and K2Cr04 . 



V. Take up some of the 
substance upon a mois- 
tened loop of platinum 
wire ; heat it for a short 
time in the inner blow- 
pipe fiame, then moisten 
with a drop of strong 
HCl, and hold in the 
outer part of a Bunsen 
flame. 



VI. Heat in a small test- 
tube or ignition-tube,then 
strongly on a piece of 
porcelain or broken glass, 
or on platinum foil. 



Observation. 



The colour changes to violet 
or black. 



The substance blackens ; 
pass on to III. 

Tlie substance does not 
blacken ; pass on to V., 
omitting III. and IV., since 
Pb and Ag must be absent. 



A brownish precipitate. 



The residue blackens. 



A yellow precipitate, soluble 
inKHO. 



A reddish yellow coloration, 
dusky green when seen 
through the indigo prism. 

A crimson red coloration ap- 
pearing deep red through 
the indigo prism. 

A vellomsh green coloration. 
These colorations may often 

be seen in succession and 

further distinguished by the 

spectroscope. 



A yellow sublimate forms on 
the sides of tube. 

When strongly heated the 
substance smoulders, and 
ultimately bums away. 



Inference. 



Presence of AgCl 



Presence of Pb or Ag , 



I 



Presence of AgCI . 

Confy. On warming some 
of the substance with 
AmHO, filtering, and 
adding excess of HNOa 
to the filtrate, a white 
precipitate forms,! 
which, when shaken 
well or heated, coagu-' 
lates into flocks. ' 



Presence of PbSO^ or] 
PbClj . 



Presence of FbSOf or 
PbClj. 



Presence of Ca^ 



Presence of Sr 
Presence of Ba . 



as 

gulpbftte. 



Presence of S. 
Presence of C. 
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EzperimeDt. 


Observation. 


Inference. 


Vll. Heat with strong 
H2SO4 in a platiniim cru- 
cible or leaden cup co- 
vered with a watch glass 
(296): or if a silicate is pre- 
sent examine by passing 
the gas into Am HO (297). 


The glass is etched. 

A gelatinous precipitate is 
obtained in the AmHO . 


Presence of F. 
Presence of F. 


Viii. JTuse some of the 
substance in a bead of 
NaAmHP04, first in the 
outer then in the inner 
blowpipe flame. 


Particles are seen floating 
undissolved ^in the melted 
bead. 

Oreen coloured bead. 

Eeddishbroum bead, colour- 
less when cold, and be- 
coming greenish in the 
inner flame. 


Presence of SiO2(480). 
Presence of Cr . 

Presence of Fe . 

• 



Examination of Insoluble Substances. 

477. Mix the finely powdered substance* with five or six 
times its bulk of fusion mixture, and heat the mixture in a 
small covered porcelain cruciblet until it melts ; keep it in 
fusion for at least ten minutes. Allow the crucible to cool, 
then pour some water into it and allow to stand or boil until 
the solid mass is loosened from the crucible ; boil this in a 
porcelain dish with distilled water, crushing the mass by 
pressure with a pestle if it does not quickly fall to pieces. 
Allow the residue to settle, pour off the solution through a 
filter, and boil the residue with a little more water ; pour off 
through the same filter, adding this filtrate to the former one. 

For the examination of the undissolved residue see (478), 
for the filtrate (479). 

478. Residue on the filter ; wash well with boiling water, 
then make a hole in the bottom of the filter, wash the residue 
through into a test-tube by pouring upon it a little boiling 



* Wliich, if it is found by Exp. VI. to contain free S or C, must first be 
heated strongly for some time in an open porcelain crucible. 

+ If Pb and Ag have been proved to be absent by the preliminary tests, 
or if they have been first removed by boiling the substance with KCy 
solution, then with HgTand excess of AmHO and washing Well, a platinum 
crucible may be used. The use of a platinum crucible is preferable, since 
after fusing in porcelain small quantities of AI3O3 and Si02 will always be 
found, being derived from the action of the Na^COs on ^e glaze of the 
porcelain. 



278 ANALYSIS OF COMPLEX [479. 

dilute HNO3 (note 1), and boil; the residue dissolves 
entirely if the fusion has been continued sufficiently long 
(note 2). Filter if necessary, and examine the solution by 
the General Table (419), bearing in mind that only the 
metals enimierated in (475) are likely to be present (note 3). 

Note 1. — If Ag and Pb are known to be absent by the preliminary 
experiments, HCI may be used for dissolring the residue and is prefer- 
able ; if effervescence is produced by these acids the presence of Ba» 
Sr, Ca or Mg is proved. 

Note 2. — A residue here may consist of chrome iron ore ; this may 
be dissolved by heating with HNO3 and KCIO3, and the solution tested 
by the General Table^ when Cr and Fe will be found. 

Note 3. — It is best to evaporate the solution quite to dryness before 
testing for Group III., using a water-bath towards the end if the 
substance spirts. This is always necessary if SiO, is present in the 
substance, since it sometimes passes into the acid solution, and is. 
completely separated from this solution by the process of evaporation 
(291). 

479. Aqueous solvftitm of the fused mass. — Divide this 
solution into two parts a and b. 

A. Add HCI until the liquid is distinctly acid, and eva- 
porate in a porcelain dish to dryness, finishing the process 
on a water-bath if necessary to avoid spirting ; then continue 
to heat the dish gently until the residue is quite dry ; pour 
in a little strong HCI and warm, dilute and heat again ; an 
insoluble residue shows presence o/^tOg* 

Filter, and examine the filtrate by the General Table (419) 
more particularly for Al, but other bases, such as Cr, Mn, 
Zn, Sn, should also be tested for, since they are soluble in 
alkalis and may therefore pass into this solution. 

B. Test separate portions for the following acid-radieles as 
described below : unless the fusion mixture employed was 
tolerably free from chloride, sulphate and phosphate, tests 1, 
2, and 4 may be of little value. 

1. Chlmide: acidify with HNO^ and add AgNOa, ^^^ 

precipitate easily soluble in AmHO. 

2. Sulphate : acidify with HCI and add BaCl2, white precipi- 

tate insoluble on boiling. 
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3. Chromate: acidify with HA and add PbAg, yellow pre- 

cipitate; a chromate is also seen by the yellow colour of 
the solution. Cr thus detected may have been present 
acting as a metal or as a constituent of an acid-radicle. 

4. Phosphate: acidify with HNO,, add a few drops to 

some AmHMoO^ solution, and warm gently. A yellow 
precipitate forms, often only after a time, or on gently 
heating. If As has been found on passing HgS into the 
hot HCl solution, (PO^)"' must be tested for in a portion 
of the filtrate after boiling off HgS, else the above 
yellow precipitate may be due to (AsO^)'". 

5. FltLoride : add HCl in excess to a part of the solution, 

stir well, and let stand until the COg has escaped, then 
add AmHO in excess, then CaClg as long as it produces 
any precipitate, and let stand for a time; filter off", dry 
the precipitate and examine it for F by pouring strong 
H2SO4 upon it in a platinum crucible covered with a 
watch glass (296.) 
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ANALYSIS OF SILICATES. 

480. The presence of silica is shown by (382) or by Exp. 
VIII. in the Preliminary Examination of insoluble substances 
(476) ; when it has been found it becomes necessary to exa- 
mine for all metals, since many silicates which are soluble 
when alone, become insoluble when they are mixed or com- 
bined with insoluble silicates. 

Many silicates are entirely decomposed by heating them 
with strong HCl for some time just short of boiling; if the 
decomposition is complete, only a colourless residue of silicic 
acid will remain, and this may be identified by its solubility 
in hot NagCOg solution. 

If the silicate is not completely decomposed by hot strong 
HCl, it is treated as is directed in (477-479), remembering 
however that all metals may be present. 

481. Since Na and K cannot be tested for in the solution 
obtained after fusion with alkaline carbonates, a separate 
portion must be examined for these metals by one of the two 
following processes : the materials used in the tests must be 
perfectly free from K and Na. 

Method I. — The finely powdered silicate is mixed with its 
own weight of sublimed and crystallised NH^Cl in powder, and 
with eight times its weight of pure CaCOg (see below). The 
mixture is gently heated in a platinum crucible for a few 
minutes, and finally kept at a bright red heat for twenty or 
thirty minutes: the mass will not fuse as a whole, but the 
fused CaClg will dissolve sufficient CaO to bring this into 
contact with the silicates and decompose them. 

The cool substance after being turned out of the crucible, 
if possible, is boiled with water for some time after it has 
crumbled by the slaking of the CaO : the liquid is then 
filtered, and AmgCOg solution is added to the filtrate until 
it causes no further precipitate of CaCOg. The filtrate from 
this precipitate is evaporated considerably and freed from 
traces of Ca by the addition of AmgCgO^. The clear solution 
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will now contain K, Na, Li, if they were present, as chlorides; 
they may be tested for by the right hand side of Table V. 
(439), and by the spectroscope (42). 

The pure CaCOa required for this process is prepared by dissolving 
marble in HCl, and then adding powdered marble in excess and 
warming. The solution is then mixed with lime water or milk of 
lime until it is alkaline in reaction : magnesium, calcium phosphate 
and iron are thus precipitated. This solution is heated to about 75** C. , 
and warm AmgCOs solution is added until it causes no further pre- 
cipitation; the precipitated CaCOg is filtered oflf and washed well on 
the filter. 

Method II. — Evaporate the powdered substance several 
times in a platinum dish or crucible either with hydrofluoric 
acid and subsequently with strong HgSO^, or with five times 
its weight of finely powdered calcium fluoride mixed into a 
paste with strong HgSO^; in either case the mass is finally 
heated until no more white fames are evolved. The cool 
residue is then boiled with water, BaClg solution is added 
as long as it causes any precipitate, then AmHO is added in 
excess and AmgCOj solution is poured in as long as it causes 
any precipitate; the precipitate is filtered off and the filtrate 
is examined for K and Na by Table V. (439), and by the 
spectroscope (42). 
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ANALYSIS OF SUBSTANCES CONTAINING 

CYANOGEN. 

482. If the substance to be analysed is found to contain 
cyanogen (381), the usual course of analysis must frequently 
be somewhat modified, since the presence of cyanogen might 
produce confusing results. 

The cyanogen may be present as a cyanide, sulphocyanide, 
ferrocyanide, ferricyanide, cobalticyanide, and rarely as a 
manganocyanide or chromicyanide. It is necessary first to 
ascertain in what form the cyanogen occurs, by trying the 
following preliminary experiments on a small portion of the 
substance. 



Preliminary Examination. 



483. Boil a portion of the substance for several minutes 
with KHO solution, then add some NagCOg solution as long 
as it causes any precipitate, and boil again for several 
minutes ; filter, make the cold filtrate just acid with HCl, 
filter if necessary, and test separate portions as follows : — 



Reagent added. 



1. FeS04 solution 



2. FejOIe solution 

3. Add ZnS04 solution as long 
as it causes any precipitate. 

The precipitate produced by 
ZnS04 should be filtered off 
and fused into a colourless 
borax bead. 



Result. 



(Blue precipitate . 

(White precipitate . 

( Blue precipitate . 
( Blood red coloration 

{Light brown preci- ) 
pitate . . j" 
White precipitate . 



A blue bead is pro 
duced 



:} 



Inference. 



Presence of (FeCy«)i» 
(FeCy«)2Ti. 

Probable presence of 

(CoCye)2^. 
Presence of (FeCyB)iT. 
Presence of (CyS)'. 

Presence of (FeCy^^. 

Presence of (reQy«)«», 
(CoCy^XfTi. 

Presence of (CoCy«)2»' 



484. If a simple cyanide only is present the ordinary 
course of analysis is pursued, but it will be necessary to 
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remove HCy by boiling the solution for some time after 
adding an acid (418, 419). 

If a svlpkocyanide is found by the preliminary tests, it 
may usually be decomposed in the portion of the substance 
which is to be exaipined for metals by pouring strong HNO, 
upon it in a porcelain dish and boiling down nearly to dry- 
ness : the liquid is then diluted and boiled, and may be 
considered as solution III. (418), any undissolved residue 
being treated as is directed in the Table. 

485. Should the preliminary tests have proved the pres- 
ence of ferro-, ferri-, cobalti-, chromi-, or mangano-cyanide, 
two methods of procedure are open to the analyst. Either 
the cyanogen may be removed from the substance before 
commencing the analysis (486), or the substance may be 
examined without any such preliminary treatment (487). 

The advantage of employing the more complicated method 
in (487) is that it enables the analyst to decide whether the 
metals are present in cyanogen acid-radicles or not, and it 
yields a more precise knowledge of the constitution of the 
substance. 

486. Method I. — If cyanogen is not present only as a 
simple cyanide or sulphocyanide, either of the following two 
processes may be used for removing it from the substance 
before analysis ; the substance may then be examined for 
metals in the usual way. 

1. Pour upon the powdered substance strong HgSO^ in a 
porcelain crucible, evaporate to dryness and ignite the 
residue strongly ; when cold dissolve it by heating with a 
little strong HCl, adding water and heating again. 

2. Fuse the substance in a porcelain crucible with three or 
four times its weight of a mixture of 3 parts of AmgSO^ and 
1 part of AmNOg : the residue left in the crucible will be 
free from cyanogen and may be subjected to ordinary 
analysis. 
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EXAMPLE SHOWING HOW TO ENTER THE 
RESULTS OF ANALYSIS OF A COMPLEX 
SUBSTANCE. 



488. The substance given for analysis consisted of a 
powder containing pink, blue, white, and black particles. 
It smelt faintly of ammonia. 

Preliminary Examination for Metals. 



Experiment. 



Observation. 



EXPT. I.— Heated in 
small dry test-tube. 



a 



Con/y.— Held in the 
upper part of the tube a 
glass rod with a drop of 
lime water hanging on 
its end. 



Confy.— Boiled a portion 
of the substance with 
KHO solution. 

Confy.— Heated strongly 
another portion of the 
dried substance with 
Na2C03 in a bulb-tube. 



Exp. II.— Heated a por- 
tion of the substance on 
a loop of platinum wire 
in the Bunsen flame, 
moistened with HCland 
heated again in the 
flame. 

Heated for some time in 
the tip of the inner 
blowpipe flame, moist- 
ened with HCl, and 
again held in the 
Bunsen flame 



Water given oflf which 
turned red litmus-paper 
blue. 

Strong smell of NH3 gas. 

Substance blackened, no 
smell of burning. 

Slight white sublimate. 

The lime water became 
milky. 

Brown nitrous fumes 
evolved, recognised by 
their smell. 

Cl-gas evolved, found by 
smell and bleaching 
litmus. 

NH3 gas was evolved, re- 
cognised by its smell, 
and by giving white 
fumes with strong HCl. 

No mirror formed. 



Inference. 



Fres. of HjO. 

Pres. of NH4. 
Pres. of NH4. 
Prob. pres of C!o, Cu, and 

abs. of T and A. 
Pres. of As, NH4, Hg. 
OOj evolved. 

Pres. of nitrate. 
Pres. of CI. 



Pres. of NH4. 
Abs. of Hg and As. 



Bright yeUow flame. 
The flame appeared 

crimson through the 

indigo-prism. 



CrirMon col"- appearing 
intense red through the 
indigo-prism. 

Bright green col»- with 
blue core. 



Pres. of Na. 



Pres. of E. 



Pres. of Sr, 
Pres. of Co. 



4S8.] 



OF A COMPLEX ANALYSIS. 



287 



Expt. 


Observation. 


j 
Inference. 


EXFT. m.— Heatedapor- 


The greater part of the 




tion of the substance on 


substance fused readily, 




charcoal in the inner 


and was absorbed by the 




blowpipe flame. 


charcoal. 


Pres. of a salt of E, Na . 




Deflagration occurred. 


Pres. of chlorate, nitrate. 




A red metallic residue re- 






mained. 


Pres. of Cu. 


Coa/V.— Fused in a clear 


In the outer flame a bead> 




borax bead in the outer 


green whilst hot. Hue 




and inner blowpipe 


when cold. >- 


Pres. of Cu 


flames. 


In the inner flame red 
and nearly opaqiie. J 




Cmify. — ^Fnsed on pla- 


No bluish green or yellow 




tinum foil with NaaCO, 




Abs. of Mn and Or . 


and KNO,. 






Confy. — Fused on char- 
coal in the inner blow- 


Red metallic residue. 


Pres. of Cu. 


A portion placed on a 




pipe flame with Na^COs. 


silver coin and moistened 






gave no black stain. 


Abs. of S. 

1 



Preliminary Examination for Acid-radicles. 



Expt. 



RXPT. I.— Added dilute 
Hd without heating. 



Heated to boiling. 



Expt. II — Added strong 
H2SO4. 

Confy. — Dropped in 
copper turnings and 
heated. 

Heated strongly, cooled, 
and rinsed out. 

Confy. — Boiled a portion 
of the substance with 
water, added strong 
H2SO4, cooled ■ and 
poured in FeS04 solu- 
tion carefully. 



Observation. 



A colourless gas was 
evolved, which was free 
from smell, and turned 
a drop of lime water 
milky. 

Cl was evolved, recog- 
nised by its smell and 
by bleaching moist 
litmus-i>aper. 



A bright yellow chlorous 
gas evolved, which 
crackled when warmed. 

Reddish brown fumes 
evolved. 

The tube when dry was 
seen not to be etched. 

A brown ring formed on 
the surface of the acid. 



Inference. 



Pres. of carbonate. 
Abs. of sulphite, hypo- 
chlorite, <&c. 



Pres. of nitrate, chlorate, 
or some other oxidising 
substance. 



Pres. of chlorate. 
Pres. of nitrate. 

Abs. of fluoride. 
Pres. of nitrate. 



Examination for Metals in the Wet Way. 

Boiled a portion of the substance with FcgClg, FeSO^ and 
KHO, added HCl in excess, no blue pp.: — Absence of Gy. 
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naiKicross* Boiled a portion of the substance with water ; as it did not 

t)oth pages, upon the undissolved residue : effervescence occurred, and on boili] 

CI was perceived; the substance was completely dissolved. C 

previously to give no pp. on addition of a little dilute HNOj : — 



No pp. 

Abs. 0/ Group I. 
Hg', Ag, and prob. Fb. 



Diluted with water and passed HsS until the liquid smelt s 



A black pp. 
Exam^ by Table II. 



Filtrate which gave no further f 

Boiled until it no longer smelt t 

on addition of HNOj, (prob, pm 

of the HCl sol^ to some Am! 

boiled; filtered:— 



A broumpp. 
Examo- by Table' III.A. 



Exam**- of pp. in Group II. — Kemoved from the filter into 
a porcelain dish and boiled with KHO, filtered : — 



FUtrate : — 
Acidified 
with Hn. o 
white milky 
liquid only : 

Aba. oj 
Group II. B. 



Pp. removed from filter by a glass rod into a porcelain dish and 
boiled with strong HNOs as long as any red fumes came off, 
added dilute H2SO4 and stirred well : 



No pp. :— 
AbB.ofHg 
and Pb. 



Added to sol" 
ofCu)'.— 



excess of AmHO : blue solution {Pret, 



No pp. : — 
Aba. 0/ Bi 



Acidified the blue sol"- with HCl and satu- 
rated with H2S ; filtered off the black up. 
rapidly and boiled it with dilute H«SO| : 



Pp. : dissolved in a 
little boiling dUuto 
HNOs, added 
AmHO in excess, 

then excess of HA, 
then E^FeCyc cho- 
colate red pp. : — 
Ptm. cfCu. 



FUtraU: diluted' 
much and 
passed B^S^ 
no pp. : — 
Aba. o/Cd, 



ExAM^- OP PP. IN Group IIIa. 

Dissolved in a little boiling dilute HCl, added pure NaHO 
in excess, boiled and filtered : — 



FUtrate : added AmCl in 
excess, no pp. : — 
Aba. ofAl, 



Pp. : dried and fused on platinum foil with NasCOi I 

and KNO3, boiled the colourless {aba. of Or) xam 

when cold with water ; decanted from the undii 



solved residue : — 



Reaidue in the dish dis- 
solved by boiling witli a 
little HCl, added several 
drops of KCyS : a blood- 
red coloration : 
Prea. of Fe. 



Sol^ being colourlea 
proved abs. ofCr. 

Acidified with H A, bofled, 
and added PbA» no 
yeUow pp. :— 
Aba. of Or. 
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y dissolve, the sol"* was decanted, and a little dilute HCl poured 
melt. Added a little strong HCl, boiled as long as any smell of 
lol"' and mixed it with the water sol"' which had been proved 



{■% Uttered >- 



IS pink (prob^pres. of Co). 

•c»ne itrcKDg uNOsand boiled to dryness (the colour of the sol"- changed to light brown 
d the zeiidae withHCl, it dissolved completely {Aba. o/HzSiO^ Added a small portion 
d; no pp.: Abteneecf {PO^". To the rem'- added AmCl then excess of AmHO, and 



4e was again pink (presence of Co) : added mnch Am2S and boiled, filtered :— 



ckpp, 

im«*Dy TUDle IILb. 



FtUraUwBB yellow (dbsenee of Nt) : added AmsCOj, filtered :— 



A white pp, 
Ezam<L by Table IV. 



Filtrate, 
£zam<>- by Table V. 



Exam*'- op pp. in Gboup IILb. 

Binsed the pp. off the filter with some cold dilute HCl, 
Btiired well, filtered : — 



Pp, was black and had 
already been proved to 
contain no Ni; fused a 
portion into a clear 
borax bead : bead blue 
in both fames :— 
Pre*,€ifCo, 


Filtrate: boiled untU it no longer smelt of HjS, 
added a crystal of KClOs, boiled until the smell of 
CI ceased, cooled and added pure NaHO in excess : — 


No pp. 
Ah8. o/Mu 


Passed H^S into the 8ol» 

noro • — 

Aba. ofZn, 



Exam*' op pp. in Group IV. 

1. Exam^ hy Flame col** — Dissolved a small quantity of 
the pp. in a few drops of HCl upon a watch glass, dipped a 
loop of Pt-wiie into the sol"* and held it in the Bunsen 
flame : a crimson red colour was imparted to the flame, which 
appeared intense red through the indigo-prism : Pres, of Br. 
Kiifl coloration was followed by a yellowish green very per- 
sistent col"* : Pres, of Ba. Confirmed by spectroscope. 

2. Uxam"^ in the Wet way. Dissolved the rest of the pp. 
in as little boiling HA as possible ; to a small part of the solu- 
tion, perfectly cold, added CaSO^ sol"« an immediate pp. 
formed : Prea. of Ba. 

T 
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To the remainder of the HA sol"*, proved to be acid to 
litmus, added KgCrO^ until the liquid appeared yellow, 
ivarmed and poured through a double filter : — 



Pp., which con- 
tained all the Ba 
present, was re- 
jected. 



To the clear JUtratBt which was orange red in colour, added 
AmHO until the colour changed to light yellow, then added 
Am2C0s in excess and filtered : — 



Filtrate was re- 
jected. 



Pp. : dissolved in as little boiling HA as 
possible ; added to a small portion of the 
8ol«* CaS04 sol^* and boiled, a pp. formed, 
sho^^ng pres. of St . __ 

To the remainder of the HA solution 
added H2SO4, boiled, filtered, and to the 
filtrate, which gave no pp. after being 
boiled with more H2SO4, added AmHO 
in excess and Am2C!204, no pp.: — 
AhB. ojCa. 



ExAM^- OP Filtrate prom General Table for Group V. 

Evaporated the filtrate to dryness in a porcelain dish, 
scraped out the residue upon platinum foil, and ignited 
strongly until white fumes ceased to appear : dissolved the 
residue off the foil by boiling with water to which several 
drops of HCl had been added, divided the sol"* into two 
unequal parts : — 



To the larger portion added several 
drops of H2SO4 and boiled, then 
AmHO in excess and several drops 
of Am20204 ; on heating, a slight 
pp. formed ; filtered, and added to 
the clear filtrate Na2HP04, a white 
crystalline pp. : — 

Prea. o/Mg, 



Into the 8maUer portion dipped a loop 
of platinum wire, and held it in the 
Bunsen fiame, an intense yellow 
col"-: — 

Pre8.o/lfa, 

appearing crimson through the 
indigo-prism :— 

Prea. o/E, 

Confirmed the pres. of K by stirring t 
fresh portion of the 8ol>- with PtCU 
on a watch glass, a yellow pp. 
formed. 



Metals found :— Cu, Fe, Co, Ba, Sr, Mg, Na, K, KH^, 
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ExAM^* FOR Acid-radicles. 

The following acid-radicles have already been detected : 
(CO3)", (NO3)', (CIO,)'. 

By reference to the Table of Solubilities (440), under the 
columns corresponding to the above metals, the only salt 
insoluble in acids is found to be BaSO^ ; since Ba is present, 
and the substance is entirely soluble in acids, (SO4) is absent. 

The following acid-radicles have also been proved to be 
absent in the general examination for metals : — 

(CrO^)", by the HCl solution not becoming green on pass- 
ing H2S. 

(AsOg)"' and (AsO^)'", by no pp. forming in Group ILb. 

(SiOg)" and (SiFg)", by no residue insoL in HCl remaining 
on evaporating to dryness with HCl for Group IILa 

(PO4)'", by testmg with AmHMoO^ in the HCl sol"- for 
Group IILa. 

The organic acid-radicles A and T are absent, since there 
was no smell of burning on heating the substance. 

The only commonly occurring acid-radicles remaining to be 
specially tested for are therefore CI, Br, I, (CgO^)", and 
(BO3)'" ; and of these Br and I are probably absent, since no 
violet fumes of I or brown fumes of Br were evolved with 
strong H2SO4 . 

Boiled a portion of the substance with pure NagCOg sol°* 
and filtered ; acidified portions of the filtrate with — 



HNOg 


HA 


Added AgNOz, a perfect^ white 
pp., easily soL in AmIlO ; — 

PreSnOfCl. 


Added CaSOi, no pp. :— 
Abs, of {C^0^)\ 
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EXAMPLE OF ENTRY. 



[488. 



Moistened a piece of turmeric paper with the HCl sol"- of 
the substance and dried it at 100°, no reddish brown stain 
was produced : — Ahs, of (BO^)'". 



Acid-radicles found : — CO3, NO3, ClOg, CL 



( Metallic-radicles : Cu, Fe, Co, Ba, Sr, Mg, Na, 
Found < K, NH^. 

{ Acid^adicles : CO3 , NO3 , CIO 3, CI. 
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REACTIONS FOR SOME OF THE RARER 

ELEMENTS. 



The most important reactions for many of the rarer 
elements are given here. The arrangement is that adopted 
in the Fourth Section, those elements being placed together 
which are precipitated in the same analytical group : the 
groups, however, are arranged in the order in which they 
occur in the Greneral Table. A scheme for the detection of 
these elements follows, showing in which group they are 
precipitated in the General Table, and by what reactions 
they will be most readily found. 



GROUP I.— SILVER GROUP. 

This group includes Tl and W : the former is partially precipitated 
as chloride by HCl, the latter completely as tungstic acid. Thallium 
is only partially precipitated in Group I. since its chloride is not quite 
insoluble in water: it therefore belongs also to Group III.b., being 
completely precipitated by Am^S. 



Thallium (Tl).— Use TlaS04 solution. 

489. Tl occurs in small quantity in many natural sulphideSi often 
also in the ashes of plants and in mineral waters. Tl yields both thalHc 
and th.al\ious salts, but the former are very unstable, changing even 
when their solutions are heated into thallious salts. 

1. HCl: a white precipitate, which rapidly settles, does not blacken 
in the light, and is soluble in aqua regia. It is soluble in a large 
quantity of water, and therefore does not form in dilute solutions. 

2. KI: a yellow precipitate ; almost insoluble in water, more soluble 
in KI solution. In a solution containing Fe, any ferric salt present 
must first be reduced by HjSOg before adding KI. 

3. PtCl^: orange red precipitate, slightly soluble in water. 

4. Am^S: black precipitate, which is easily coagulated by heat, is 
insoluble in AmHO, in alkaline sulphides, and in KG'j*, \\.\&x^a.^'^ 
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oxidised by the air to TI2SO4, and is easily soluble in mineral acids. 
Tl is completely precipitated by HgS from a solution in which HA is the 
only free acid present, but free mineral acids prevent the precipitation 
entirely. 

5. Flame coloration, — ^Thallium compounds impart to the Bunsen 
flame an intense green colour, which, however, rapidly disappears. 
The spectrum (p. 66) is very characteristic, consisting of one bright 
emerald green line. Thallium may be easily detected by the spectro- 
scope in solution, or better in any of its precipitates mentioned above. 



TuNGSTATES. — Use ^^i^O^ solutiou. 

490. W usually occurs in the form of a tungstate. The insoluble 
tnngstates yield soluble alkaline tungstates on being fused with 
alkaline carbonates. From the solution of an alkaline tungstate HCl 
precipitates the tungstic acid entirely. 

1. HClj ENO^ or H^SO^: white precipitate (Hj'WOJ, becoming 
yellow on boiling : insoluble in excess of acid, but soluble in AmIIO. 
A piece of Zn dropped into the acid liquid containing the precipitate 
yields a deep blue colour. 

2. SnCl^ in neutral solution, made by dissolving SnCl^ crystals in 
water and filtering: yellow precipitate, becoming blue on addition 
of HCl and heating. 

3. Am^ yields no precipitate in the solution of an alkaline tung- 
state ; but if, after adding AnigS, the liquid is made acid with HCl, 
brown WSj is precipitated. 

4. Microcosmic bead: outer flame, colourless or yellow: inner flame 
blue, if a little FeS04 is fused into the bead the colour changes to 
blood red. These colours are best seen when the bead is perfectly 
cold. 



GROUP II.A.— COPPER GROUP. 

In this group are included Pd (Os, Rh, Ru): they are precipitated 
as sulphides by H^S from acid solutions, and the sulphides are 
insoluble in Am^S and in caustic alkali solution. 



Palladium (Pd). — Use PdCl, solution. 

491. Pd occurs as a metal in native platinum, also in gold and 
silver. Palladium solutions are reddish brown, or yellow if dilute; 
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addition of water precipitates a basic salt, unless sufficient free acid is 
present to prevent it 

1. JHfS: black precipitate, in neutral, alkaline, and acid solutions, 
insoluble in Am^, but soluble in boiling HCl or in aqua regia. 

2. AmHO: flesh coloured precipitate (PdCl8.2NH8); soluble in 
excess of AmHO to a colourless liquid, from which HCl precipitates 
yellow crystalline paladammonium chloride (NjHgPd''Cl5). 

3. HgOy^: yellowish white gelatinous precipitate (PdCyg), slightly 
soluble in HCl, easily soluble in AmHO.j^ This is a very character- 
istic reaction. 

4. KI: black precipitate (Pdlj) : very characteristic of Pd. 



GROUP ILb.— ARSENIC GROUP. 
In this group are included Mo, Se, Te (Ir). 



MOLTBDA.TES (Mo).— Use Am5Mo04 solution. 

492. Mo occurs as molybdate; also as sulphide, which may be 
readily converted into MoOg by ignition in the air or by heating it with 
HNOj,. Unignited MoOg dissolves in acids; ignited M0O3 ^ insoluble 
in acids, but easily soluble in alkalis. 

1. HClt HNO^, or H^SO^^ if added in small quantity to an aqueous 
solution of a molybdate, yields a precipitate which is readily soluble 
in excess of the acid. 

2. H^t added in very small quantity to the acidified solution, gives 
a hlue liquid ; if it is added in larger quantities a hrown precipitate 
(M0S3) forms ; the precipitation becomes complete only when the 
solution is heated and H^S is passed for some time : the precipitate is 
soluble in solutions of alkaline sulphides and hydrates, from which it 
s reprecipitated when acid is added in excess. 

3. Zn or SnCl^, if added to the solution of a molybdate in HCl, 
colours it brovm, green^ or hlue, according to its state of concentration, 

4. KCyS, if added to a solution acidified with HCl, gives no colora- 
tion; but on dropping in a piece of Zn a beautiful crimson colour is pro- 
duced, which, when the liquid is shaken with ether, is taken up by 
the ether. 

6. Na^UTO^ if added in very small quantity to the solution of 
a molybdate acidified with HNO3, gives, on gently warmm^ \?Di^ 
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liquid, a yellow precipitate readily soluble in excess of alkali hydrate 
'solution. 

6. Borax head: outer flame, ydlow; inner, dcMrk brown, 

7. Microcosmic bead: outer and inner flames, green. 



Selenium (Se). 
493. Se occurs in metallic selenides of Pb, Fe, Cu, Ag. 

Selenides. — Use FeSe. 

1. A selenide when heated in an open tube evolves a smell of decay- 
ing horse radish, and produces a grey or red sublimate of Se : the 
smell is very characteristic. 

Selenites. — ^Use Ei^eOs (s^® 6> below). 

2. ff^ gives in acid solutions, if cold a yellow, if hot a reddish 
yellow precipitate : soluble in Am^S. 

3. BaCl^ gives in neutral solutions a white precipitate: soluble in 
HCl and in HNOg. 

4. SnCl^ or H^SO^ gives in the presence of free HOI a red', or in 
warm solutions a grey precipitate of Se. 

5. (7t« in a hot HCl solution becomes covered with a black film: the 
liquid on standing with the Cu for some time becomes coloured red 
with Se. 

Selenates.' — ^Use E3Se04. 

6. HCl produces no change in the cold: but on boiling, 01 is given 
off and the selenate is reduced to selenite, to which the above tests 
may be applied. 

7. BaCl^: a white precipitate (BaSeOJ; insoluble in cold HCl, dis- 
solved by boiling with HCl with evolution of 01 and reduction to 
BaSeOa. 

Selenium in any form of combination. 

8. Heated on charcoal in the inner blowpipe flame a smell of rotten 
horse radish is perceived. 

9. Fused on charcoal with NaaCOg in the inner blowpipe flame a 
fused mass is obtained, which when moistened on Ag yields a black 
stain, and on addition of HCl evolves HgSe, a badly smelling gas. 



Tellurium (Te). 

494. Te commonly occurs united with the metals Au, Ag, Bi, Cu, Pb. 

Tellurides.—Vse PbTe. 

1. A telluride when heated in an open glass tube gives white fumes 
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and a sublimate which dififers from that given by Sb, by being fusible 
before the blowpipe. 

Tellurites, — Use EsTeOg (see 5, below). 

2. ff^^' ^^ dilation with water tellarous acid is precipitated from 
the acid solution. 

8. JS[^: in acid solutions a brown precipitate (TeSg); easily soluble 
in Am^S. 

4. JI^O^ SnCl^, or Zn precipitates black Te. 

Tellurate8,—Vse KeTe04. 

5. HCl produces no change in the cold solution of a tellurate; but 
on boiling, CI is evolved and the tellurate is reduced to tellurite; the 
solution then gives the above reactions. 

Tellurivm, in cmy forin of ccrmMnaMon, 

6. A tellurium compound if fused with Na^COs on charcoal in the 
inner blowpipe flame, gives sodium telluride; a solution of which gives 
a black stain on Ag, and when it is acidified deposits black Te and 
evolves HgTe. 



GROUP III.— IRON AND ZINC GROUPS. 

In this Group are included U, In, Ti, Be, Tl, [V], (Zr, Ce, Ta, Nb, 
La, Di, Y, E, Th). 

Tl is often partially precipitated as chloride in Group I., and its 
reactions are given under that group. V is not precipitated by AmgS 
unless acid is added in excess after AmjS. 



Ubanitjm (U).— Use (UOsr(N08)2. 

495. U occurs in nature principally as pUchbl&ndCf an oxide, also as 
urcmiUf a hydrated uranium calcium phosphate and ckalcolite 
hydrated uranium copper phosphate. 

1. AmHO, KHOj or NaHO: yellow precipitate, insoluble in excess. 

2. Am^ gives in neutral solutions a dincfy yellow or hrown precipi- 
tate of uranium oxysulphide, which differs from ZnS, MnS and FeS, by 
being soluble in AnijCOg. The precipitate settles slowly unless AmCl 
is added; it is soluble in acids, even in HA : on being heated with 
ArngS in excess it is changed into uranous oxide and sulphur. 

3. H^ produces no precipitate in acid solutions. 

4. Am^CO^, KHCO^t or NaHGO^ : yellow precipitate easily soluble in 
excess; from this solution the uranium is reprecipitated by addition of 
NaHO or KHO, or by boiling, differing thus from Fe. 
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5. K^eOy^ gives in acid solutions a reddish brown precipitate, 
which is distinguished from the similar one produced in a copper solu- 
tion by dissolving in excess of AmHO to a yellow fluid. 

6. BaCO^ causes complete precipitation even in the cold. 

7. Zn changes the yellow colour of acid solutions to green, 

8. Borax and microcosmic beads: outer flame, yellow; inner flame, 
greeTu 

Indium (In). — Use In2(S04)3. 

496. Occurs in zinc blende and in wolfram. 

1. Alkali hydrates precipitate a hydrate resembling Al^fi^, in- 
soluble in excess. Indium solutions are also precipitated by alkaline 
carbonates, by N'a2HP04, by boiling their neutral solutions with 
excess of NaA, by BaCOg, and by alkaline oxalates. 

2. ff^S gives no precipitate in strong and acidified solutions, in dilute 
and feebly acid solutions a little sulphide separates, in a solution con- 
taining no free acid but HA the metal is entirely precipitated as yellow 
sulphide : the precipitate is insoluble in cold, but soluble in boiling 
Am^S ; from the boiling solution white sulphide separates on cooling. 

3. Am^f added after HgT and excess of AmHO, gives a white pre" 
cipitate, becoming yellow on treatment with HA. 

4. Flame coloration: bluish violet. The spectrum shows a very 
characteristic blue line, which is brilliant, but very rapidly disappears 
when the chloride is employed : see page 66, 



Beryllium (Be). — Use Be2(S04)j|. 

497. Be occurs as silicate in phenakite, and as silicate with Al- 
silicate in beryl and emerald. 

1. Am^S, AmHOy KHO, or NaHO : the flocculent hydrate is pre- 
cipitated, resembling Al2HgOg in appearance, and in being soluble in 
KHO: but it difiers from Al^HgOg in being precipitated from its 
solution in KHO by dilution and long boiling, and by being soluble 
when freshly precipitated if it is long boiled with AmCl solution. 

2. Alkaline carbonates precipitate a carbonate, which is soluble in 
excess, especially in AmgCOg; from these solutions the carbonate is 
reprecipitated on diluting and boiling for some time, and with especial 
ease from the AmgCOg solution, difiering thus from AL 

3. BaCO^ precipitates Be-solutions completely. 

4. H^C^O^ and alkaline oxalates produce no precipitate. 

6. Moistened with 00(^03)2 solution and heated on charcoal in the 
ovLtev blowpipe flame, a grey mass is obtained, difference from AL 
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Titanium (Ti).— Use TiOj. 

498. Ti occurs as TiOg, with traces of Fe, Mn, Cr, in rutile, anatase, 
and brookite : also as TiOg in combination with Fe in titaniferons iron 
ore. 

1. Ignited TiOj is insoluble in water and in most acids : it is easily 
soluble in HF, less readily in boiling strong H2SO4 : it is also rendered 
soluble in cold water by fusion with KHSO4. TiOg diflfers from Si02 
in not being volatilised when heated in a platinum dish with HF and 
strong H,S04. 

2. By dilvUon and long boiling, white flocculent hydrated Ti02 is 
precipitated from solutions in H2SO4 or HCl, and from the aqueous 
solution of the fusion with KHSO4: the precipitate is metatitanic acid : 
it cannot be filtered off unless an acid or AmCl is added. 

3. AmEO, KHO, NaHO, Arn^S, or BaCO^, white flocculent preci- 
pitate, insoluble in excess : if precipitated and washed in the cold it 
dissolves in HCl and in dilute H2SO4. 

4. Zn or Sn gives in acid solutions a blue, or if dilute a rose red 
coloration. 

6. Na^S^O^, on boiling, precipitates Ti-solation entirely, difference 
from Fe. 

6. Microcosmic bead: in the outer flame yellow while hot, colour- 
less when cold : in the inner flame yellow while hot, violet when cold. 

The production of these colours is much aided by adding a fi'agment 
of Sn. Addition of a small quantity of FeS04 gives in the inner flame 
a blood red bead. 

Vanadittm (V). — Use NaVOg. 

499. V occurs in vanadinite [3Pb3(P04)2.PbCl2], and in certain Fe- 
and Cu-ores. Vanadium is known in several stages of oxidation; it 
will usually occur in analysis as vanadic acid or a vanadate, which in 
acid solution is of a yellow or reddish colour. 

1. JJa^y, H^O^ or H^C^O^ reduces acid solutions of a vanadate, and 
causes the colour of the solution to change to blue : with H2S a deposit 
of sulphur also forms. 

2. Am^f if added in excess, gives a brown liquid, in which an 
excess of acid causes a brown precipitate of Vjj^s ; excess of Am2S 
dissolves this to a reddish brown liquid. 

3. Zn gives in a very dilute solution acidified with H2SO4 when 
gently warmed a blue colour, which changes into green and then 
lavender blue, 

4. Solid AmClf added until the solution is saturated, precipitates 
Am8V04, which is insoluble in saturated AmCl solution. This 
is a very characteristic reaction. 
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5. H^O^ when shaken np with an acid solution imparts a red colour 
which is not removed by shaking with ether. This is a very delicate 
test. 

6. Botox head : in outer flame colourless, or yellow if much V is 
present : in inner flame, green hot and. cold, or if much Y is present 
brovm hot and green cold. 



GROUP v.— POTASSIUM GROUP. 
In this group are included Li, Cs, Rb. 



Lithium (Li).— Use LiCL 

500. Li occurs frequently in mineral waters and in the ashes of 
plants, also in small quantities in the minerals lepidolite, triphane, 
and petallite. 

It is allied to the metals of the Barium Group by the difficult 
solubility of its carbonate and phosphate; and it_ differs from 
K and NH4 by not being precipitated by PtCl4 or by HjT : from Na it 
is readily distinguished by the flame coloration and spectroscope. 

LiCl is separated from KCl and NaCl by its insolubility in a mixture 
of absolute alcohol and ether. 

1. Nd^PO^ added to the solution, which must not be too dilute 
and must be strongly alkaline with NaHO, gives, on boiling, a white 
crystalline precipitate (Li8P04) which quickly settles. Traces of Li 
may be precipitated by adding Na2HP04, then NaHO until the liquid 
remains alkaline, evaporating to dryness ^and washing the residue 
with dilute AmHO. 

This precipitate differs from the phosphates of Ba, Sr, Ca, and Mg 
by fusing in the blowpipe flame and being absorbed by the charcoal 
support, also by its diluted solution in HCl giving no precipitate on 
addition of AmHO in excess in the cold, but a white crystalline 
precipitate on boiling. 

2. Flame coloration: this is carmine red; the spectrum (page 66) con- 
sists of an intense carmine red line (a). This coloration is concealed by 
that of Na, which, however, does not interfere with the spectrum. 

The Na coloration is also removed if the flame is viewed through 
the indigo prism, whereas that of Li can pass through the thinner 
parts of the prism; it differs from the K coloration, however, in being 
unable to penetrate the thick layers of indigo solution or in being 
much weakened by its passage. 
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As silicate, Li only gives the flame coloration after fusion with 
CaS04 ; the phosphate requires to be first moistened with HCL 



Rubidium (Rb), C-fisniM (Cs). — ^Use RbCl and CsCL 

501. These metals occur in small quantities in some mineral waters 
and in a few minerals. 

1. Their compounds resemble those of K by being precipitated by 
PtCl4 and by HgT, and by giving a similar flame coloration. Charac- 
teristic differences are the much greater insolubility in water of the 
platino-chlorides, which enables the E^PtCld to be dissolved away from 
Rb2PtCl^ and Cs,PtGl(, by boiling the precipitate with successive small 
quantities of water : the alums also show a similar difference in solu^ 
bility in cold water. 

2. Cs and Rb are readily distinguished from one another and from 
other elements by their spectra, see page 66. For Cs the blue lines 
(a, P) are especially distinct and characteristic : in the Rb spectrum 
the indigo blue lines (a, 0) are very distinct, but the red lines (7, 8) 
are most characteristic. For the spectroscopic test the chlorides are 
most suitable. 
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502. General Group Table for 



Group /.— Reageut HCL 



The group pp. may contain in addition 

to AgCl. Hg^ClifPbCli :— 

TlCl (white). 

HtWO^i „ ). 



77CZwill usually be readily detected 
by a spectroscopic examination of 
the group pp. It may be removed 
from the group pp. by boiling 
with a little water, and pp^. from 
the cold filtrate by KI (Pb is also 
thus pp^): the pp. is yellow, and 
gives the thallium spectrum. 

H^WOi: a white pp. becoming yellow 
on boiling. Its presence is con- 
firmed by dropping a piece of Zn 
into a portion of the acid liquid and 
pp., when a deep blv^ colour will be 
obtained. 

Also by fusion of the pp. in a 
microcosmic bead, which will be 
colourless or yeUow in the outer 
flame, blue (or with TeSO^ blood' 
red) in the inner flame. 



Group //.— Reagent HjS. 



The group pp. may contain a« sulphidet, in 
addition to Eg, Pb, Bi, Cu, Cd :— 



} 



Insoluble in 
AodgS. 



Pd fblaek-brown) 

Tl (black; ppd. trith As^Ssi 

[Os, iJA, iiu.*] 

And in addition to SnS, SnSj, <S^<Ss, Aif^ 
Au^St, PtSt :— 

[ir-sulphide*] \ 

Mo- „ fbrown f Soluble in 

Se- „ (red-ydlow) T AmsS. 

The yellow colour of a solution containing Y 
is changed to blue by H^S . 



Tl is readily found by the q;>ectroBcope in tbe 
group pp. 

Pd will remain in solution in excess of AmHO 
with Cki and Cuin Table II. A : from this solntioa 
it is ppd- by adding Hd : its prettenoe mur be 
further confirmed by the HgCys or KI teito 
(491). 

The examination of the sulphides in Group ILb 
when the above elements nuur be ixresentis bert 
commenced by fusion with Na«GOs and KsKO^. 
From the fused mass, water aissolyes sodinoh' 
arsenate, -molybdate, -selenate, ftnd -tellanili^ 
leaving SnOs, sodium-antimonate. An, Pt»siia 
Ir undissolved ; the elements may then be de. 
tected by special tests. For the separation aai 
detection of the platinum metals a laiger woA 
must be consulted. I 



* Onlv comj^etely pp'* if the liquid has been 
warmed, and flt^ passed for a long time. 
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FSEdFITATION OF BaBER ElBMBNTS. 



OlttBto (rom Groi 



E as hydrates in additittn 
At, Or (find phosphatft, 

ahflc, Jlacffulent) 
_^ ^coiinritst, gdatiiioui). 

(To, si', Ce, La, Di. F, E, 



,.».?£ 



Tl uid In will nsusllr 1 

readilj- detected b 

trofloopicr" —'--• 



niiu7b«flist BeparBt«d Had 
dolfiCtfld by diBEolviug lome 
at the OToap pp. la balling 



tioiiln' H^O, 
d^ang Tib; 
XI, sad tettlng 



VQilack). 
TfrtrmcB, brovin). 
Siitnae.hlaci). 



Thie pp. Ja dried and then 
fUBsd^wlCli a mlituie o( 
Na,COi aad KSOj: on 
bolliug the maae with 



me aqneous solutlnn may 
cont^ alksllae lanadato 
»nd tungstate. Vlaaepa- 

llquid with AniCI, sad Its 
presence oonflrmed in the 
pp. \i3 the bores head, 
and by disBolvlnB the pp. 
In HCl and employing Che 
reaotionB with HjOj and 
with Zn (499). 
The Utrate, after conceD- 



flrmed by ths Zn re 
baad (190). 



The filtrate utter the aepa 
tion of all the group p 

aiaeaMg, K!'and™al^ 



itabahaviourwlth NajHPO,. 
ofore proeeedinglothBa 
trowopio BiHMtBaUon, 

uhlortdes If they an 



lied, Lira, EbCl, CaCl i 
thB KCl mS^aa" 



ntionlseyaporatet 
IS, dissolved hi a Ul 
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TABLE FOR ANALYSIS OF GEOUP IIL 



[603. 



riiese lines 
un across 
lothinges. 



603. — ^Tablb fob Analysis op Group HI. Prboipitatb, 
The precipitate may contain Fe, U, In, Tl, Al, Cr, Zn, 



After a preliminary spectroscopic examination has been made of a small portion of the 
tlie General Table (602), the group' pp. is dried and fused in platinum with ELHSO4 for 
long time with cold water :— 



Residue: may con- 
tahi TajOo, ^bjO^, 
also SiOs, and traces 
of Fe and Gr which 
have escaped solu- 
tion. By fusion with 
EClOs and NaHO, 
Gr and Si are ren- 
dered soluble in 
dilute NaHO; from 
the residue, in- 
soluble in NaHO, 
TasOs and NhzO^ 
may be removed by 
washing with dilute 
Na2COs solution. 



SciutUm: Seduce Fe by adding Ho^Os in excess, dilute consider^ 
covering the vessel, and by passing a stream of CO2 



Pp. may consist 
of TiOzt pos- 
sibhr also traces 

Confirm the pre- 
sence of Ti02 
by the micro- 
oosmic bead 
(408). 



FUirate : add a few drops of strong HNOt» 
and precipitate once more by adding excess 



Pp, may contain Fe, In, IT, Cr, Al, Be, Ac 



Pp, may contain Fe, In, IT, Ac Dissolve 
huge excess of HCl, add BaOOa, and let 



Pp, maycontainFe, In. 
u, also traces of Al 
andCr. 

It is dissolved in HCL 
and NaHGOa is added 
in excess, whereby U 
alone is obtained in 
solution. 

In is found by the spec- 
troscope: 

Cr by fusion with 
NasCOs and KClOs . 



FtthuUmAj ecfoMai 
Th. Ba is pp*- hf 
HsSO^, the liquid 
exactly neutralised 
ofEsSOAaieadded, 
allowed to stand for 
pp. is washed wtth 



\ 



. may contain Ze, 
h,Ce. 

Th and Ce axe dis- 
solved away by 
boiling withdilQte 
Hd, and axe tepp^' 
by AmHO. 



U 
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WHEN THE EaBEB ElBHENTB VAT BE PRESENT. 

Mn, Ni, Co, Ti, Be, [Zr, Ta, Nb, Ce, La, Di, Y, E, Th]. 



pp. for Tl and In, and Tl has been farther tested for, if necessary, by KI as directed in 
some time, the cold mass is then powdered and allowed to stand, with shaldng, for a 



__ and boil for a Ions time, preserving the liquid from oxidation by the air by 
unless it smells constantly of SO2 :— 



concentrate by evaporation, and add AmHO in excess : filter, dissolve the pp. in HCl, 
ci AmHO :— 



Dissolve it in HGl, and add excess of cold strong £H0 solution :— 



in Hd, boil off any 
stand >~ 



Zr, Ce, la, W, V, J&, 
adding excess of 
is ooneentrated and 
withKHO. Crystals 
and taie liquid is 
some hours. The 
ElfSOi solution. 



80^- nuur contain 
T, E, also Be. 

The solution is 
pp^ by AmHO. 
and Be dissolved 
away from it by 
Hs€^04 . 



FUtrate may contain Al, Or, Be : dilute and 
boil for some time, filter. Al remains in solu- 
tion, and mav be pp<>- by adding HCl Just in 
excess, then AmHO in excess. 

Cr and Be are separated by fusion with NaaCOs 
and KOIO3, dissolving in water and ppfl^. Be 
by adding HNOs in excess, then AmHO in 
excess. 



Filtrate may 
contain: — 

Zn.Mn.Ni. Co. 



U 
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REACTIONS FOR CERTAIN ORGANIC 

SUBSTANCES. 



I. ORGANIC ACID-RADICLES. 

The most important reactions are given here for the more 
commonly occurring organic acid-radicles. 



Formates. — ^TJse NaHCO,. 

504. The acid and the salts much resemble acetic acid and acetates. 

1. FegClg imparts a deep red colour to the solution of a formate; the 
.col^oration is destroyed by the addition of HCl : on boiling the red 
liquid basic ferric formate is precipitated, and the liquid becomes 
colourless if excess of formate was present, since all the Fe is precipi- 
tated. This reaction is precisely similar to that for an acetate (328). 

2. AgNO^i or Egj^NO^^ solution when heated with solution of a 
formate, in the absence of free acid and alkali, yields precipitates of 
black Ag and Hg respectively. 

Solution of HgCLj, when heated to about 70° with the solution of a 
formate, yields a white precipitate (HgaClj) if HCl and alkaline 
chlorides are absent. 

3. Strong H^SO^ when heated with a formate evolves CO gas, which 
bums with a blue flame. No charring or blackening occurs, and no 
evolution of CO^ as in the case of an oxalate (317): 

If a formate is distilled with dilute H2SO4, a distillate emitting the 
pungent smell of formic acid is obtained. 

4. When a solid formate is strongly heated it fuses and chars, and 
evolves a mixture of CO and COj. 



Citrates. —Use NagCgHgO^ 2H jO. 

505. Citrates much resemble tartrates and oxalates in their reactions. 
Citrates differ, however, by emitting pungent acid fumes when they arc 
carbonised by heat: and by darkening when they are heated with 
strong H2SO4, but only after the mixture has been heated for some 
time and inflammable gases have escaped. 

Further, calcium citrate is only precipitated after long standing of 
on toiling the liquid when large excess of lime water or AmHO, AmCl 
and CaClg have been added : the precipitate is insoluble in KHO. 

Citrates are not precipitated by solution of KA. 
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Stjccinates, Benzoates. — Use Ain2C4H404 and AmCyHgOa. 

506. Succinic acid and succinates frequently smell of amber, while 
benzoic acid and benzoates commonly emit an aromatic smell of gum 
benzoin. 

Succinates and benzoates closely resemble one another in their 
analytical reactions; the following differences are therefore important. 

Succinic acid is readily soluble in water : benzoic acid is only slightly 
soluble in cold water, and is therefore partially precipitated from its 
solution in alcohol on the addition of water, or when strong HCl or 
any other strong acid is added to its aqueous solution. 

Both acids when heated emit fumes which are very irritating to the 
throat, and which cause coughing when inhaled. 

The addition of BaClj solution and much alcohol precipitates succin- 
ates but not benzoates. A similar difference is shown with CaCla. 

Vefil^ gives a reddish hrown precipitate with a succinate, and a pale 
hrovm or huff precipitate with a benzoate. 



Tannates. Gallates. — Use the acids, C14H10O9 and CyHgOg. 
fi07. These acids resemble one another in yielding Uuish black pre- 
cipitates with FcaClg solution. Tannic acid may be distinguished by 
yielding a flocculent precipitate with solution of gelatin or isinglass. 



Urates. — Use the acid C5H4N4O8, or AmC5H8N403 . 
608. HNOg dissolves the acid with effervescence : if this solution is 
evaporated to dr3mess in a porcelain dish, and the residue is moistened 
with AmHO, bright purple murexide is formed. 



Salicylates. — Use the acid, CjHgOg. 

609. Salicylic acid melts at 167°, and at a somewhat higher 
temperature decomposes into COg and phenol or carbolic acid (CgHgO), 
the change being rapid and complete if the acid is mixed with excess 
of quicklime before it is heated: the phenol condenses as a white 
crystalline sublimate. 

The solution of salicylic acid becomes vioUt on the addition of FejClg 
solution. . 

Meoonates. —Use the acid, C7H4O7 . 

510. Meconic acid is present in opium, and may be detected in 
extracts of that substance by the production of a deep red coloration 
on the addition of FegClfl. 

This coloration differs from that caused by an acetate or a formate 
by not disappearing when the liquid is boiled: and may be dis- 
tinguished from ferric sulphocyanide by its colour not being destroyed 
when the liquid is dropped into solution of HgClo. 
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II. ALKALOIDS. 

Most alkaloids resemble metals or rather NHg in their 
behaviour with acids, and may therefore be looked upon as 
basic. 



CiNCHONiNE. Quinine. — Use cinchonine sulphate and 
2C20Ha4NaO2.H2SO4.7H2O. 
511. In dissolving quinine sulphate in water a few drops of dilute 
H2SO4 should be added. It is intensely bitter and gives a pale blue 
fluorescence: pure solution of cinchonine sulphate is not fluorescent. 

1. Solution of alkaline hydroxide or carbonate precipitates hydrated 
quinine from fairly strong solutions of a quinine salt ; this precipitate 
disappears when the liquid is shaken with ether. 

The corresponding cinchonine precipitate is not thus dissolved by 
ether. 

2. Br- or Cl-water does not colour a solution of quinine, but if 
AmHO is afterwards added an intense emercUd green colour appears. 

Cinchonine solution under these conditions yields a yellowish white 
precipitate. 

3. If Br- or Ol-water is added to a quinine solution, then K4FeCyj 
and one or two drops of KHO solution, a deep red tint is produced, 
which quickly changes to dirty brown : this colour is destroyed by 
HA, but reappears when AmHO is cautiously added. 

4. Tannic add solution yields in quinine solution a curdy precipi* 
tate, which is readily dissolved by HA. 



Morphine.— Use Ci7Hi9NO,.HC1.3H20. 

512. This alkaloid is present in opium and opium extracts: it is 
prepared from opium. 

1. E^GO^t or KHCO^ or one of the corresponding sodium salts, 
precipitates from fairly strong solutions M0.2H2O, which is insoluble 
in excess. KHO or AmHO yields the same precipitate, soluble in 
excess of the reagent. 

2. Strong ENO^ produces a yellowish red colour, which does not 
change to violet on the addition of SnCla. Difference from brucine. 

3. Neutral Fe^Cl^ solution if added drop by drop to neutral 
morphine solution produces a dark blue colour : this disappears on the 
addition of an acid. 

L From iodic acid morphine and its salts separate iodine : this is 
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shown by the liquid becoming brown, but the iodine is more certainly 
and readily detected by adding starch solution, or by shaking the 
liquid with CS^ (288): ^e brown coloration of the solution becomes 
more intense on the addition of AmHO. 

The test is very delicate and characteristic if the solid substance is 
moistened with a solution of one part of iodic acid in fifteen of water, 
and solution of one part of starch in four hundred of water is added : 
on pouring very dilute AmHO upon the blue solution thus obtained a 
coloured ring is seen at the surface of contact of the solutions, which 
is blue below and brovm above. 

This reaction serves to distinguish morphine from other organic 
substances containing nitrogen. 

5. HaS04 gives no colour when added to a solution containing 
morphine, but on dropping a crystal of K2Cr207 into the acid liquid 
contained in a white porcelain dish, and slowly moving the crystal 
about with a glass rod, an irUense green colour appears. 

6. If solid morphine or any of its compounds is dissolved by heating 
it with a few drops of strong H2SO4 for fifteen minutes upon the water 
bath, and a little H2SO4 containing HNO3 (see below) is added to this 
solution a violet red colour appears: on dropping in a fragment of 
MnOa it becomes surrounded by an intense mahogany red coloration. 

The acid mentioned above is prepared by mixing six drops of HNO3 
of 1*25 sp. gr. with 100 c.c. of water, adding ten drops of this mixture 
to 20 grams of pure strong H2SO4, and mixing twenty drops of this 
solution with two or three drops of water before adding them to the 
morphine solution. 



Strychnine. —Use C2xH2aN202 



513. In dissolving strychnine in water a drop of dilute H2SO4 
should be added. The solutions are very poisonous : they possess an 
intensely bitter taste even when they are extremely dilute. 

1. Strychnine dissolves in strong H2SO4 to a colourless liquid : on 
adding a fragment of E2Cr207 to this solution in a porcelain dish and 
slowly moving the bichromate about by pushing it with a glass rod, a 
bluish violet coloration is produced, which gradually changes to red or 
yellow. 

The presence of morphia, or of metallic chlorides or nitrates, inter- 
feres with this reaction : if any of these should be present, the 
strychnine may be precipitated by the addition of KgFe2Cyi2 or of 
K2Cr04 solution, filtered off and slightly washed on the filter, and then 
stirred with the strong H2SO4. 

2. Cold strong HNO^ dissolves strychnine without becoming 
coloured, but the solution acquires a yellow tint when it is heated. 
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Narcotine. — Use CjaHasNOy, or its sulphate. 

514. Narcotine is present in opium, but is not extracted by the 
processes usually employed. 

1. Strong H^SO^ gives a bluish violet coloration changing to orange, 
but in some specimens a yellow solution is produced at once. 

When this liquid is gradtially warmed it becomes first orange red 
and then bluish violet, or purple stripes proceed from the edge of the 
liquid surface : on cooling, the colour changes to cherry red. If the 
heating is pushed to the initial evaporation of the acid, an intense 
reddish violet colour is produced. 

2. If narcotine is subjected to reaction (512. 6) for morphine, an 
intense red coloration is produced on the addition of the acid reagent, 
and this does not alter when Mn02 is dropped in. 



Brtjoine. — Use C28HjgNj04, or its sulphate. 

515. The substance is most readily dissolved in water when a drop 
of H2SO4 is added. 

1. Strong HNO^ yields an intensely red coloration, which gradually 
changes to yellowish red and yellow when the liquid is heated : when 
SnClj is added to the hot solution it becomes intensely violet. 
Difference from morphine. 

2. With strong H^O^ a rose coloured solution is obtained, which 
changes to yellow. On adding the acid reagent described in (512. 6), 
the liquid becomes red, but quickly changes to yellow. • 



III. CEKTAIN OTHEK OKGANIC SUBSTANCES. 



Alcohol, or Ethyl Alcohol. — Use weak spirit. 

516. Pure ethyl alcohol boils at 78° '4 under 760 mm. mercury 
pressure, and has a specific gravity of 0*7938 at 15° '5. It bums with 
a pale blue smokeless flame. 

If the alcohol is very dilute it may be necessary to add Na,COj in 
excess to the liquid, and distil over about one-third of it : the alcohol 
is thus concentrated and is the more readily detected by tests 1 and 2. 

1. If NagCOg solution is added to water containing a little alcohol 
and the mixture is digested for some time at a gentle heat, occasionally 
dropping in small pieces of iodine until the solution retains a brown 
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colour, golden yellow crystals of Iodoform will separate after several 
hours : if very little alcohol is present, ten or twelve hours may be 
necessary for the formation of these crystals. 

When examined under the microscope, the crystals are seen to be 
hexagonal tablets or six-pointed stars. 

This reaction is yielded by other substances besides ethyl alcohol, 
and is therefore not distinctive. 

2. Alcohol may be converted into HA by heating it for some time 
with E]0r207 and HSSO4. Aldehyde will be smelt first and then 
acetic acid. If the smell of the acid is not distinctly perceptible, the 
liquid maybe distilled and the first portion of the distillate neutralised 
with Na^COs : this solution is then evaporated to dryness and the solid 
residue is tested for an acetate (326-328). 

Acetic acid may result from the oxidation of other substances besides 
alcohoL 



/n. 



Stabch. — Use potato or rice starch in powder, (C^Hj^Og), 
517. Starch is insoluble in cold water, but passes into a transparent 
liquid when it is boiled with water ; this liquid becomes gelatinous on 
cooling, if much starch is present. 

1. Starch granules may be identified by their appearance when 
examined by a quarter inch object glass under the microscope : viewed 
as transparent objects, they appear round or oval with more or less 
concentric dark rings. Many kinds of starch granules show a cross 
when examined by polarised light. 

These appearances are not visible in starch which has been exposed 
to heat 

2. If starch is boiled with water, the solution wTien cold assumes an 
intensely bluish black colour on the addition of a drop of solution of 
iodine : this colour disappears when the liquid is heated, but frequently 
reappears when it is cooled. 



Gbapb Sugae, or Glucose. — Use (CeH,20,)n. 

618. Glucose is distinguished from other sugars by yielding only 
a yellow solution with strong H2SO4 in the presence of a little 
water 'if the mixture is kept cool : other sugars become black by 
charring. 

Glucose when warmed with strong KHO solution becomes brown, 
while other sugars remain uncoloured. 

1. If a few drops of CUSO4 solution are mixed with glucose solution 
and excess of KHO is then added, no precipitate is formed, but when 
the liquid is boiled red Cu,0 is precipitated. 

3, ' If clean freshly washed yeast is added to glucose solution and the 
liquid is kept at a temperature of about 25** for an hour or more in the 
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flask shown in fig. 44 (page 188), fermentation will take place with the 
production of ethyl alcohol and carbon dioxide gas. 

The escaping gas may be detected by letting it bubble through lime 
water (229. 4), and ethyl alcohol may be found in the liquid which 
remains in the flask by the reactions given in paragraph (516). 



Urea.— Use CH4N,0. 

519. Urea resembles the alkaloids in directly combining with acids 
to produce salts. 

1. Strong HNO^ if added to solution of urea, causes the separation 
of the crystalline nitrate : under the microscope these crystals are seen 
to be delicate rhomboidal scales. 

2. KEO when heated with urea solution slowly evolves NHj, and 
yields K3CO3, which effervesces on the addition of an acid. 

3. Hg{N0^2 yields a white precipitate in urea solution. 



Albtjmsn. — Use white of q^, 

520. Solution of albumen is readily obtained by stirring or shaking 
the fresh unboiled white of egg with water and straining the solution 
through linen or allowing it to settle. 

1. Albumen is readily coagulated and precipitated as white flocks 
from its solution in water either by boiling the solution, or by adding 
it to strong HNOgj.or solution of HgCl^. Solution of CuSO^ alum^ 
or of other salts, precipitates albumen from its solution less completely 
than HgOl^ does. 



SECTION VIL 



LABORATORY FITTINGS, APPARATUS, 
CHEMICALS AND REAGENTS. 



In this Section such directions are given as have been found by 
experience to be of value in fitting and furnishing a laboratory and 
in maintaining it in working order. & 



liABORATORY FITTINGS. 



530. The building, fitting, heating and ventilation of a 
chemical laboratory are matters of prime importance in 
securing the comfort, health and convenience of the labor- 
atory student, and in recent years very considerable advances 
have been made in these matters. For detailed informa- 
tion on these subjects, reference should be made to papers 
by E. C. Robins, which are published in the Transactions of 
the Institute of British Architects for the years 1882-3 and 
1883-4. 

With regard to the building, it must suffice to state here 
that the main points requiring attention are that the in- 
ternal air space, ventilation, and window lighting both from 
the top and sides, should be secured on as ample a scale as 
possible. The inner surface of the walls should either be of 
glazed brick, which can be easily cleaned when necessary, 
or the rough brick or plaster surface should be covered with 
lime wash or distemper, which can be frequently and cheaply 
renewed. 

Around the walls, in the spaces between the windows, 
there should be large and small recesses, each of which is 
lined with white glazed tiles, has a glazed hood above and 
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is closed with a sliding sash in front ; it is provided at the 
top with an outlet, through which a strong draught is 
caused. These draught cupboards should be provided with 
several gas supplies for Bunsen burners, the taps being on 
the outside of the cupboard: they should also be furnished 
with a gas jet for lighting the interior when necessary. 
The bottom of the cupboard may be covered with sheet- 
lead, and provided with a small grid through which liquids 
escape into a drain pipe. Some at least of these cup- 
boards should also be provided with a water supply pipe. 
A strip of indiarrubber draught-excluder fixed along the 
top of the inner frame and lightly touching the glass, pre- 
vents the escape of fumes when the sash is partly opened. 

One or more of the larger draught cupboards will be re- 
served for the sulphuretted hydrogen apparatus (534): it 
will be found well to provide such a cupboard with small 
doors through which the gas may be utiHsed, so as to pre- 
vent it from escaping in large quantity into the laboratory 
by opening the large sash. A frame containing pairs 
of Httle hinged glazed doors, each about six inches by 
eight, may be introduced beneath the sliding sash, and this 
enables a student to open as much of the cupboard as is 
absolutely necessary for introducing his solution : while the 
whole sash can be raised for cleansing or replenishing the 
sulphuretted hydrogen apparatus. 

One of the draught recesses is kept open for the steam 
ovens, small boiler and condenser which is described in 
(535). 

Two or more deep box sinks covered with sheet-lead 
should be provided for general use; these have large water 
taps fixed above them at some distance from the back of 
the sink. It will be found convenient if each sink is 
supplied with three taps, two of which deliver low pressure 
water, hot and cold, and a third is connected with a high 
pressure water service, upon which a fire-hose can be at 
once adapted. 

In the frontispiece illustration of this book a block of 
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four laboratory benches in the Nottingham University 
College is shown ; two of these are presented to the observer, 
and are therefore visible in detail. It is convenient to 
arrange the benches in this way, since it enables the wash- 
ing sinks and water taps to be placed at the end of the 
bench and yet to be accessible to each student: this prevents 
the surface of the bench from being wetted and soiled when 
apparatus is being washed. 

The sinks are of stoneware, with half-inch outlet pipes 
unprotected by grids : these pipes discharge into stoneware 
pots, the overflow fix)m which into the drain-pipes is 
through a curved stoneware tube near the top : solid matter 
passing down the sink-pipe settles in this trap -pot, and 
is got rid of by taking out the pots and emptying them 
into a pail every few weeks : floating paper or other light 
substances which may be carried into the main pipes are 
removed by flushing them occasionally with high pressure 
water. Any stoppage in the straight sink-pipe is readily 
pushed through with a stout cane. Over each sink there 
are three low pressure taps for washing and for supplying 
condensers, and two high pressure taps for aspirators. 

Lead-covered sinks lessen the number of breakages caused 
by dropping apparatus while it is being washed, but they 
are easily corroded by acids and are less cleanly : a wooden 
grid laid on the bottom of a stoneware sink lessens the risk 
of breakage. 

Each bench is provided with an aperture leading to a 
strong down draught, and into this aperture a copper hood 
can be fitted, which serves to carry away acid vapours or 
badly smelling gases. This aperture is stopped with a 
wooden plug when the hood is not in use, in order to im- 
prove the draught on other benches. Copper hoods, which 
are occasionally cleansed and painted with Brunswick black, 
answer well: but fixed small earthenware hoods may be 
more convenient. A glazed draught hood extending along 
the top of the centre shelf rack of the bench has been 
found to answer well : all heating and evaporation of liquids 
is then carried out on a raised shelf under this hood. 
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The laboratory benoh itself is made of stout American 
walnut wood, the whole of which is stopped and varnished, 
with the exception of the working surfaqe of the bench, 
which should be well saturated with oil and then rubbed 
up. This working surface is preserved by being occasionally 
thoroughly washed, dried and oiled. Less durable and ex- 
pensive wood covered with sheet lead has been found to 
serve well for a bench top. 

The bench may be 3 feet in height with a depth of 25 
inches : and a gangway of 6 feet between the rows of benches 
is not too broad for convenience of passage. 

Two gas taps are fixed on each bench for supplying 
BuDsen burners, and one lighting burner is provided at a 
convenient height for illuminating the bench at night. A 
space of 7 inches between the reagent shelves will be found 
suitable for ordinary bottles. 

The working bench is supplied with two lockers, each of 
which has two drawers above it. In order to lessen the num- 
ber of locks, which are liable to rust in the laboratory atmo- 
sphere, a flat iron bar is fastened upon a staple by a padlock 
in front of the two drawers and locker. By this arrangement 
of lockers two students are enabled to use the same bench 
at diiferent times. Each locker should have a different key, 
but all the locks are under the control of master keys kept 
by the attendant and teachers. The drawers should be about 
3 inches in depth, and are conveniently divided by wooden 
strips : a shelf in the locker should not extend more than half 
across, so as to leave standing room for tall apparatus. 

Besides the ordinary working benches, there should be at 
least one long bench well supplied with gas and water tsaps 
and with overflow pipes : this serves for making up solu- 
tions, for distillations and for other large operations. There 
should be a long bench made of a slate slab, and covered at 
a height of several feet with a metal hood, under which is a 
good draught outlet: this bench must be supplied with a 
half inch gas pipe and taps, and with water taps and over- 
flows: it serves to support water-baths, air-baths, combus- 
tion furnaces and gas furnaces of all kinds. 
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A blowpipe table, the top of which is edged round and 
is- covered with sheet lead or zinc, should be provided : this 
must be well supplied with gas taps for gas blowpipes and 
luminous burners for bending glass; and two or more 
Fletcher's bellows should stand beneath it. It is also well, 
if possible, to have a water-blowing apparatus near at hand 
to supply a blast to the blowpipes for long operations. 

Opening into the general laboratory there should be at 
least two separate apartments, one serving for stores of 
chemicals and apparatus, and the other for a reference 
library and for delicate metal apparatus, such as chemical 
balances, microscopes, spectroscopes and polariscopes. This 
apparatus, more especially the chemical balances, should 
stand on a broad shelf, which is at a convenient height for 
sitting; the shelf is supported on iron brackets from the 
wall, so as to be secure against disturbance from the vibra- 
tions of the floor. The spectroscope and polariscope should 
have draw-curtains of black lining material so arranged 
that when the instruments are in use light from outside may 
be pretty well excluded. A large central table should also 
be provided for use in writing and reading. Special low 
tables, with a raised flange for gas apparatus and other 
experiments involving the use of mercury, are necessary: 
and to provide against the loss of mercury spilt from these 
tables, it will be well to have the floor covered with 
linoleum. 



List of bench apparatus. 



Detailed description of apparatus is rendered unnecessary by the 
fully illustrated] and descriptive price lists now furnished by the 
apparatus sellers. 

631. A list of the apparatus which should be kept in each 
bench locker will be foimd facing page 1 : it is repeated here 
with details of dimensions and other matters. In Section I. 
of the book directions are given for preparing and fitting 
apparatus. The Bunsen burner with its india-rubber tube 
may be left attached to the gas tap on the bench ; all the 
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other apparatus should be locked up in the iDench locker 
when not in use. Most of this apparatus is seen in the 
Frontispiece illustration. 

1 Bunsen burner (1), about 6 J inches in height, with §-inch tube, and 

means of closing the air-holes (1). 
1 Rose top to fit the burner. 
1 Fletcher's argand Bunsen burner, f inch size, is convenient for 

boiling the wash-bottle. 
1 Piece of red or black india-rubber tubing ^ inch in internal 

diameter and 16 inches long, to supply gas to the burner. 
1 Test-tube stand with twelve holes, two of which are at least 1 inch 

across, and with no draining pegs. 

1 Test-tube brush (11), or a cleaner with flat india-rubber end. 
12 Test-tubes, 5 inches long, | inch in internal diameter. 

2 Boiling tubes, 6 inches long, 1 inch in internal diameter. 
2 Round glass plates, ground on one side, 3 incHes across. 

2 Berlin porcelain evaporating dishes with spouts, glazed inside and 
out, and 3 inches in diameter. 

2 "Watch glasses, 2 inches across. 

1 Conical flask of 4 ounces capacity. 

1 "Wedgewood mortar, 4 inches across, pestle with wooden handle. 

1 Galvanised iron tripod stand, 7 inches in height, with round top 4 

inches across; these dimensions are suitable to the above burner. 
1 Square of coarse iron wire-gauze, 5 inches in the side; best with the 

comers clipped off". 
A square of asbestos millboard may be used instead of the gauze. 

3 Plain glass funnels, two of them 2^ inches across, and one 2 inches 

across. 
3 Beakers without lips, wide form, of 1, 2, and 3 ounces capacity. 
3 Glass rods, round at the ends, 7, 6, and 3 inches in length. 

1 Piece of platinum foil, 1 inch by 1 J inch. 

2 Pieces of mounted platinum wire (7), each 2 inches long and about 

as stout as an ordinary sewing needle. 
1 Blowpipe, Black's japanned tin. 
1 Pipe-clay triangle, 2 inches along its side. 
1 Wash-bottle (10), made by fitting a conical 18 ounce flask, which is 

at least 1 inch across the inside of the neck. 
1 Retort-stand, upright rod 16 inches, foot 6 by 3J inches, galvanised 

iron, with 3 rings of brass or gun-metal, the largest 3 inches across. 
1 Wooden filter-stand (page 48), rod 12 inches high, two rings on one 

boss, each 2J inches across, foot 5 inches by 8 by J inch. 
1 Pair of polished brass crucible tongs, 6 inches long. 
1 Small horn spatula, 3^ inches long. 

1 Wicker oval draining basket, 10 inches by 8, and 4 inches deep. 
Cut filter papers 4^, 3^, and 2| inches across. 
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List of special apparatus for Section II. 

532. This apparatus need not be supplied to each student, 
but several sets should be kept in an accessible position in 
the laboratory, whence they may be fetched when required : 
this apparatus should never be kept in the bench lockers. 
An asterisk indicates that the apparatus is also required for 
chemical analysis. 

*1 Nest of the three or four of the smallest sizes of brass cork-borers. 
*1 Triangular file, without wooden handle. 
*1 Thin round file, without wooden handle. 

* Several lengths and pieces of hard glass tubing about | inch internal 

diameter. 
*1 Gross of ignition tubes 3 inches long, J inch across. 

* Corks as free as possible from holes and cracks, sizes varying from 

f to f inch across. 
1 Small metal clamp in a boss which fits on the retort stand (see 

figs. 15, 37 on pages 18 and 64). 
1 Stoppered bell-jar of 16 ounces capacity. 
4 Glass cylinders on feet, with ground edge at top (see fig. page 20), 

8 inches high. If inches across. 
4 Similar cylinders, 6 inches high, 1) inches across. 
1 Bound brown stoneware trough, 12 inches across, 5 inches deep. 

1 Metal deflagrating spoon, with brass cap 2i inches across. 

2 Two-necked "Woulffe's bottles of 8 ounce capacity. 

2 Two-necked "Woulffe's bottles of 4 ounce capacity. ^ 

1 Tubulated retort of 6 ounces capacity. 

2 Thistle funnels, 8 inches long. 

1 Clock glass, about 4 inches across. 

4 Pieces of red or black india-rubber tubing, ^ inch in internal 
diameter and 1) inches long. 

* A good supply of wooden spills, or thin strips of wood. 

* A good supply of wax tapers, about 11 inches long. 
A small piece of thin candle. 

1 Tube (fig. 20a, page 26), 6 inches long, filled with small pieces of 

calcium chloride. 
4 Strips of sheet lead, 6 inches long, i inch broad. 



List op apparatus for gbnbral use in analysis. 

633. The following apparatus is kept in the laboratory for 
the general use of students who are doing chemical analysis. 
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One set will suffice for about twelve students. Eaxih article 
should have its own place in the laboratory, and should be 
returned to it immediately after use, since it may be required 
by other students. Apparatus in (532), which is marked 
with an asterisk, is also required for analysis. 

1 Spirit lamp, 4 ounces in capacity, with earthenware wick-holder and 
ground glass cap. 

1 Charcoal borer of conical form. 

4 Tin filter-dryers. 

4 Berlin porcelain crucibles, IJ inch across, with covers. 

1 Iron mortar 8 inches across, and pestle. 

1 Fletcher's foot-bellows, No. 5; and blowpipe table covered with 
sheet zinc or lead. 

1 Fletcher's Bunsen burner, with central blast, and two taps. 

1 Fletcher's solid flame burner, with tripod for boiling large dishes. 

1 Fletcher's injector furnace for strongly heating large crucibles. 

1 Microscope, with at least a i inch object glass. 

1 Spectroscope, Bunsen's table form. 

1 Spectroscope, direct vision, pocket form. 

1 Indigo prism, stoppered. This is nearly filled with solution of 
indigo in strong sulphuric acid, the dry stopper is inserted into 
the dry neck and securely fastened down with fine copper wi^ : 
melted paraffin wax is then run over the stopper and neck. 
The indigo solution is made by mixing commercial sulphindigotic 
acid with about ten times its measure of strong sulphuric acid, 
letting settle for several days, and decanting into the prism. 

1 Agate mortar 3 inches across, and pestle : which is used for reducing 

to fine powder hard substances which have been already brdcen 
into minute fragments; this must be done by trituration, and 
blows are on no account to be struck with the pestle. 

2 Small leaden cups, about IJ inches across and f inch deep (296). 

These are made by beating sheet lead into shape. 
2 Copper water-baths, 5 inches across, with four diminishing rings. 

One large bath with several openings may replace these. The 

baths when in use should be about two-thirds filled with water, 

and the flame is adjusted so that the water is kept just boiling. 

Evaporating basins placed on the bath cannot be heated above 

100° C. 
2 Pairs of conical flasks fitted as is shown in fig. 41 (page 118). 
2 Tubulated flasks, 4 ounces in capacity, see fig. 44 (page 138). 
A box of assorted pieces of wood charcoal, as free as possible from 

cracks and from bark. 
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SULPHnEETTED HYDHOGEN APPAKATDS. 



SUU HUBB TT IC D HfDROOBN APPAKATUa 

534. Sulphuretted hydrogen gas is constantly required 
by the analyst, and should be readily obtainable at any time 
in a constant stream : arrangemente must be made for pre- 
venting this badly smeUing gas from polluting the atmo- 
sphere of the laboratory to any lai^ eitent. Both these ob- 
jects, together with economy of materials, are better secured 
by the use of a large apparatus in common by many students 
than by the employment of a small private apparatus by 
each student. 



FiQ. a. 




The gas is most readily obtained by the action of some- 
what diluted cold commercial hydrochloric acid upon frag- 
ments of ferrous sulphide. The apparatus in which the gas 
is prepared has assumed many forma; the one figured in 
section and described below is recommeuded by its simplicity, 
efficiency and cheapness. 

Two large tubulated bottles, A and B, each of at least two 
quarts capacity, are fitted as is shown in (fig. 45) ; A and B 
being connected one to another by a piece of broad india^ 
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rubber tubing, and B communicating with the wash-bottle C 
by narrow rubber tubing: the stoppers used should also be 
of rubber, as these are more durable and gas-tight than 
ordinary corks. The delivery tube D is connected with the 
washing-bottle by means of an india-rubber joint, which can 
be partially or entirely closed by means of a screw clamp E. 

In charging the apparatus, B is laid on its side and lumps 
of ferrous sulphide are introduced imtil the bottle is full : 
the washing-bottle C is then partly filled with water, and 
the three bottles are connected; the clamp E having been 
closed, A is about half filled with a mixture in equal measures 
of strong commercial hydrochloric acid and water. 

When the gas is required A is raised on a suitable stand 
and the clamp E is gradually opened, until a regular stream 
of bubbles passes through the water in C. A part of the 
acid will run into B and evolve HgS from the FeS, and the 
gas will be forced out by the pressure of the acid remaining 
in A. Before escaping through the tube D it is washed free 
from small drops of liquid containing HCl and FeClg, by 
passing through the water in C. The levels of the liquids 
in the bottles while the gas is being produced are shown by 
the horizontal dotted lines. 

When the gas is no longer required, the screw-clamp at 
E is gradually tightened, until the stream of bubbles 
through the water in C is arrested ; the gas accumulating 
in B will then force the acid out of B back into A, and if 
the glass tube at the bottom of B is bent as is shown in the 
figure, the acid will be almost completely expelled. This 
will cause the production of the gas to cease, but it wiU 
recommence immediately on opening the clamp E. 

During the hours of laboratory work A should remain 
raised on its stand, and the apparatus is then always ready 
for use : at other times A is placed down in the position 
represented in dotted outline in the figure. B should be 
permanently somewhat raised to facilitate the outflow of the 
acid when A is lowered. The escape of HgS dissolved in the 
acid is much lessened in amoimt by fitting a funnel con- 
taining water or glycerine in the stopper at the top of A. 



B84.] PASSfflG SULPHUHETTED HYDKOGEN. 323 

WhflD the acid is spent and no longer evolves the gaa 
from the FeS, it is emptied away and replaced bj iresh : 
IvuupB of FeS are also occasionally filled into R 

The appaj^tus shoidd stand in a closet, lined with glazed 
white tiles, and fumiahed with a good draught ; the bottom 
of the cupboard should be covered with sheet lead, and 
furnished with a drain-pipe for the spent acid, and a gas Jet 
should be provided for lighting it at night This closet 
must not be used for any other purpose. Arrangements 
should be made for a large opening in front for recharging 
the apparatus, but a small door only should be used for 
introducing the solutions through which the gas has to be 
passed. If the tront of the cupboard is opened by means of 
a glazed sliding saah, a &ame containing pairs of glazed 
hinged doors, each about six inches by eight, may be in- 
troduced into the grooves beneath the aash ; these doors 
enable the apparatus to be used with the least possible 
opening of the closeL Such an apparatus should serve 
twelve or more students, according to circumstances. 

An apparatus for private use may be fitted as shown in 
fig. 46. The larger bottle eontaiiM _. 

pieces of ferrous sulphide upon 
which HCl, diluted with an equal 
measure of water, is poured through 
the thistle-funnel: the gas passes 
through a httle water in the smaller 
bottle, and thence into the solution 
to be saturated. The use of a small 
apparatus by each student in a 
lai^e laboratory is not to be recom- 
mended, since it causes unnecessary ~" 
waste of time and materials, and does not permit of satis- 
factory control of the stream of gas which is evolved. 

Pam-ng tvlphuretted hydrogen. — Each student should 
keep a bent glass tube D (figs. 45, 46), which may be fitted 
upcm the sulphuretted hydrogen apparatus, and serves to 
conduct the gas into a solution. When a liquid is to be 
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saturated with the gas, the end of this tube should be 
passed down to the bottom of the vessel containing the liquid, 
and a regular stream of gas is then caused to bubble through 
the liquid by gradually opening the clamp E (fig. 45), or by 
introducing a sufficient quantity of acid into the larger 
bottle shown in (fig. 46). 

To avoid unnecessary waste of gas, the liquid should be 
of sufficient depth to absorb much of the gas, and the 
bubbles should not pass too fast to be readily counted. 
The passage of the gas should be continued for four or 
five minutes, if the quantity of metal to be precipitated 
is large: and the liquid must smell strongly of the gas 
after the air above it has been blown out. The tube D 
must be thoroughly cleansed immediately after use. 

It wiU be found convenient to keep a bottle of distilled 
water saturated with HgS: this is prepared by passing a 
regular stream of the gas through water nearly filling the 
bottle, until on removing the bottle, closing its mouth tightly 
with the thumb and shaking it violently, no suction is felt 
on the thumb, but rather an outward pressure. 



Distillation op water : steam ovens. 

As has been already shown (25), water ordinarily contains 
certain solid substances dissolved in it which render it in a 
chemical sense impure ; such water is therefore unfit to be 
employed for the processes of solution and washing precipi- 
tates, since any impurity thus introduced into a substance 
during analysis would be considered when detected to have 
been present in the original substance. 

The quantity of these impurities present in any particular 
water-supply will depend upon the nature of the soil with 
which the water has been in contact before its collection. 
The water supplied in some districts wiU be found when sub- 
jected to the tests given in remark 41 (552), to be almost 
perfectly pure ; carefully collected rain water will yield little 
or no indication of dissolved impurity; the water supplied 
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to the majority of laboratories will, however, be found to be 
unfit for analytical purposes, until it has been freed from the 
solid substances dissolved in it by being subjected to the 
process of distillation. 

In most towns distilled water can be purchased, but it is 
preferable to distil all the water required for use, either in the 
laboratory itself or in its immediate neighbourhood. For 
this purpose the steam obtained from a steam-boiler or 
from a copper still heated by a furnace or gas-burner, or 
from the water-baths and steam-ovens in the laboratory, is 
condensed by a block tin worm-pipe immersed in a tub 
through which a constant stream of cold water runs. 

535. The distillation of water may he advantageov^sly 
combined with the heating of drying ovens to a temperature 
not exceeding 100° C. For this purpose one of the tiled 
recesses in the laboratory wall is furnished with a glazed 
projecting hood and with a good draught from the top. 
Into this recess the arrangement represented in (fig. 47) 
is fitted : where the copper boiler and a stoneware collect- 
ing jar are seen resting on the floor of the recess, whilst the 
set of double-cased copper ovens and the stiU-tub are sup- 
ported on a strong iron grating above. 

The steam generated by the powerful Fletcher burner 
passes from the boiler through a pipe which terminates 
several inches above the . bottom of the outer casing of the 
ovens. It then makes its way between and around the 
various ovens, undergoing partial condensation in heating 
them; and the hot condensed water thus produced flows 
through a pipe, the opening of which is flush with the 
bottom of the oven casing, into the stoneware jar, from 
which hot distilled water may be drawn when the apparatus 
is at work. This pipe has a U-bend to prevent the escape 
of steam. 

Any steam which is not condensed in heating the ovens 
passes fix)m the upper part of the oven casing into a block 
tin worm inclosed in the tall still-tub, and drops as distilled 
water from the end of the worm pipe into a second stone- 
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ware store-jar provided with a tap below. The level of the 
water inside this jar is shown by a syphon gauge such as 
that seen in (fig. 48). 

The still-tub is supplied with a stream of cold water from 
a pipe, in which is a control tap, seen at the right hand side 
of figure; and from the opposite side of the still-tub the 
heated condensing water flows into a little feeding vessel 

Frn. 47. 




attached to the side of the boiler: a portion of it serves to 
keep up the water-level in the boiler to the dotted level in 
the figure, and the rest flows away into the drain pipes 
through a central pipe seen in the feeding vessel. 

All the connections are made by means of screw union 
joints, so that the apparatus may be quickly and easily dis- 
connected for removing the incrustation in the boiler and 
on the condensing worm, and for repairs. 
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This apparatus has been allowed to run uninterruptedly 
for several days and nights in succession without any atten- 
tion, after the gas burner had been lighted and the supply 
of condensing water had been regulated by the tap. 

It has been found possible to attain a higher temperature 
than that usually recorded in a steam-oven, by dispensing 
with the usual inlet for air through the door, and admitting 
the air through a narrow copper tube, one end of which 
is seen immediately beneath each door, the other end 
opening into the oven flush with its bottom : the pipe 
itself is thus constantly surrounded with steam, and the air 
passing through it into the oven enters at a temperature of 
nearly 100*. There is a smjdl outlet for air provided at the 
upper part of the back of each oven. 

If the processes of distillation and heating the steam 
ovens are not combined in one apparatus, the constant still 
figured and described below will be found very serviceable. 
The sketch in (fig. 48) renders a lengthened description 
unnecessary : it represents the apparatus in section. 

The water in a copper-still (A) is heated by the flame of 
a Fletcher burner or of a large-sized Bunsen burner, and the 
steam thus generated passes from the top of the still 
through a spiral tin tube immersed in water in the condens- 
ing tub (B), which is made of copper or galvanised iron; fi-om 
this condenser the distilled water flows into a large stone- 
ware vessel (C), which is furnished with a tap below from 
which the water is drawn when required. A long syphon- 
tube (CD) serves as a gauge to indicate the level of the 
water inside the jar. 

The condensing-tub (B) has three tubes let into the 
side facing the still; one of these (d), placed about an 
inch above the bottom of the vessel, is the inlet for cold 
water from a cistern, the water level in which must 
be higher than that maintained in A and B; this level, 
marked by the single dotted line, is kept constant by the 
overflow-tube e, which is connected with a pipe leading to a 
sink or drain. Just below this overflow-tube is a short tube 
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(/), which is on a level with another {g) opening into the 
side of the still; when these two tubes are connected by 
means of an india-rubber joint or a screw union, a supply of 
warm water from the upper part of the condenser is furnished 
to the still and keeps the level of water in it constant ; a 
small glass jet drawn out from a piece of glass tubing is 
fitted into this connecting-tube, and has been found sufficient 

Fio. 48. 




to prevent an undue circulation of water between the still 
and the condenser. 

The still is supported on an iron ring, projecting as a 
bracket from the condenser. Time is economised by having 
two taps in the inlet-tube (c?), or by using two clamps on 
the indiarrubber joint which connects it with the supply- 
pipe from the cistern; since the flow of water may then be 
regulated once for all by one tap or clamp, the other being 
used only for stopping and starting the stream. The 
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copper still should be furnished with a lid screwing upon its 
mouth for convenience in removing the deposit which collects 
within, and into this lid should be fastened a brass tube 
carrying a screw union by which the tin condensing pipe 
may be fastened steam-tight to the still. 

The advantage of this apparatus lies in the fact that the 
still is constantly supplied with the hottest water from the 
condenser through the lateral tube, and that when the 
apparatus has been properly fitted up and the supply 
adjusted, it requires no attention whatever except lighting 
and extinguishing the gas under the still, and turning the 
water supply on and off when the distillation is started and 
stopped. It is advisable occasionally to remove the in- 
crustation from the interior of the still, and from the supply- 
tube connecting it with the condensing vessel. 

The wooden stand for the still and storing jar is con- 
veniently fitted with shelves and doors to serve as a 
store cupboard. 

Such a copper-still, 23 inches in circumference below and 
8 inches in height, when filled to a height of 4 inches and 
heated by the largest Bunsen burner, yields two litres of 
distilled water per hour. 

In, laboratories which require a larger supply of distilled 
water than can be furnished by the above apparatus, a 
copper still of several gallons capacity may be set in masonry 
and heated by a small furnace fed with coal, coke, or gas. 
The overflow from the still-tub should then pass into a small 
cistern the overflow-pipe of which keeps its water surface 
level with that required in the still : and the still is supplied 
with hot water by connecting it with the cistern by means 
of a tube bent downwards in its middle so as to prevent 
the backward passage of water from the still to the cistern. 

The purity of distilled water may be ascertained by the 
tests described in remark 41 (552). 

The steam oven is a small oven of sheet copper, which is 
used for drying substances at a temperature not exceeding 
100° C. If such ovens are not heated by steam from a 



aeparate boiler, oue or more of them should be heated I 
boiling water in the space between the oven itself and s 
copper casing which Burrounds it (fig. 49). The outer cas- 
ing often has a circular opening cut in the top, which serveB 
as a. water-bath : this ia covered by a, lid when not in 
nae. The level of water in the jacket may be maintained 
Y^^ ^g constant by a little con- 

trivance shown in sec- 
tion at c: a small reser- 
voir communicating by 
a lateral tube with the 
space between the oven 
and its Jacket is con- 
\ stantly replenished by 
water which drops into 
it from the supply tube 
(d) ; the overflow of this 
reservoir is a central 
tul)e, the end of which 
tLTmiuiito^ just ;il)i)ve the level of the lateral tube. The 
outlut fur steam (/) may be turned downwards, bo that 
any water formed by the condensation of the stean drops 
into the reservoir (c), or it may be made to communicate 
with the worm of the still, when the escaped steam will bo 
condensed into distilled water. 

The steam-oven should if possible be supplied with distilled 
water, as the formation of a troublesome incrustation in the 
interior is thus prevented. A raised vessel of distilled water 
may be connected with the supply pipe (d), and the overflow 
is collected and occasionally returned to this supply vessel. 
Or better still, the escape pipe (/) may be turned upwards 
and connected with a long vertical or oblique tube, which 
will condense the escaping steam and return it to the oven, 
thus obviating the necessity of a constant supply of water; 
in this caae the water in the oven should not be boiled too 
furiously. 
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KECOVERY OF SILVER AND PLATINUM FROM 

THEIR RESIDUES. 



Any waste scraps of platiniim or silver wire or foil, as well 
as the precipitates obtained in the processes of analysis by 
the addition of solution of AgNOg or of PtCl4, should not 
be thrown down the sinks, but should be placed in two 
large jars specially reserved for them, and labelled diver 
residues and platinum residues respectively. The reagents 
may be obtained from these residues occasionally by the 
methods described below. 



Silver residues. 

586. Some HCl is poured into the jar containing the 
silver residues and is thoroughly mixed up with the liquid : 
the precipitate is then allowed to subside, and after the de- 
cantation of the liquid is thoroughly washed by decantation 
(31): it may then be treated either by method 1 or 2. 

1. The wet precipitate is rinsed into a flat shallow dish 
and the layer of water is acidified with H2SO4: strips of Zn 
free from Pb are then laid upon the silver precipitate, and 
the whole is allowed to stand quietly for several hours. 
The black spongy mass which remains is metallic silver; 
it is separated from any remaining Zn, and is then 
thoroughly washed until it is free from HgSO^. 

This metallic deposit is dissolved by heating it with pure 
strong HNO3, previously diluted with its own measure of 
water. The solution is evaporated to dryness, the solid 
residue is dissolved in water and once more evaporated to 
dryness to remove free acid completely. The solid is then 
dissolved in the proper proportion of water to give reagent 
48 (551). Any residue insoluble in HNO3 is returned to 
the silver residue bottle. 
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2. The well-washed precipitate obtained from the silver 
residue bottle may be filtered off and dried, then mixed 
with twice its weight of a mixture of KgCOg and NagCOg in 
equal proportions. This mixture is transferred to a clay 
crucible and fused in a furnace : after having been kept in 
the fused condition for four or five minutes, the crucible is 
removed and its bottom is tapped several times on a brick 
to cause the melted globules of Ag to unite. When the 
crucible is cool it is broken up, the button of Ag at its 
bottom is removed, well washed, and converted into AgNOg 
solution as is described in the preceding paragraph. 



Platinum residues. 

637. The liquid is shaken up with the precipitate and 
evaporated to dryness in a porcelain dish, and the residue 
is heated strongly for some time: when the dish is cool, 
water is poured upon the residue and boiled with it, then 
decanted off: solution of oxalic acid is then poured into 
the dish and evaporated to dryness, and the residue is 
once more ignited strongly. The residue of metallic Pt is 
thoroughly washed with boiling water, and is then dissolved 
by heating it with HCl to which one third its measure of 
HNO3 has been added; the solution is evaporated to dry- 
ness over a water-bath. HCl is then poured in, and the 
liquid is once more evaporated to dryness and heated for 
some time on the water-bath; this residue when dissolved 
in water forms reagent 28 (551). 

Any waste scraps of platinum foil and wire should be 
carefully preserved, and after having been cleansed by 
boiling them with HNO3 and then washing well with water, 
they may be dissolved in HCl and HNO3 and solution 
of PtCl^ prepared as is described above. 
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CHEMICALS AND REAGENTS. 



In the following paragraphs general directions are given for the pre- 
paration of reagents and test substances required in the pi'eceding 
analytical course. Tabulated lists of the names and formulae of these 
substances follow, a reference number being attached to each, and 
certain necessary details concerning its preparation and the tests for 
its purity being also supplied. Lists of the chemicals required for 
the experiments in Sections I. and XL, and certain special reagents 
for detecting the rarer elements and organic substances, are also tabu- 
lated. 

Samples of substances for analysis are given in (558-561), and in- 
formation concemiug atomic weights, thermometric scales and 
English and French weights and measures, is contained in paragraphs 
(562-664). 

The pure chemicals required in analysis are readily purchased, and 
it will be found more economical as a rule to buy than to prepare 
them. 

The preparation of the solutions, and the dilution of acids and 
other liquids should, however, always be performed in the laboratory, 
since this lessens cost both of purchase and of carriage. 



538. Many reagents and test substances must be dissolved 
or diluted for use. As these processes of solution and 
dilution must be constantly carried out in a laboratory, it 
is important that the methods employed should be as simple 
and rapid in execution as possible, and that the labour 
should be minimised. 

It is also of great importance that the solutions should be 
of appropriate strength. It is usually advisable that the 
same liquid should be of different strengths when used for 
a reagent and as a test solution. In either case a strength 
can be selected which generally yields the most satisfactory 
results : if the solution is stronger than this, chemicals are 
wasted; if it is weaker than this, the reaction is not satis- 
factorily obtained. Hence it is advisable to prepare these 
liquids for the student rather than to leave them to ])c 
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prepared doubtfully or wastefully by him when required : 
and in order to reduce the labour of preparing solutions 
to a minimum, it is well to make each in some quantity 
and to keep it in stock. 

The apparatus required for preparing solutions includes — 

A common pair of scales, with earthenware slabs and beam below. 

A more delicate pair of ordinary scales. 

A set of brass weights from 1 kilogram to 1 gram. 

A strong glass cylinder to deliver 1 Utre, and with graduations for 

every 5 or 10 cubic centimetres (c.c). 
Several large wide-mouthed gallon jars, some of stoneware or 

earthenware, others of common green glass. 
Several large funnels of glass or Wedgwood ware. 

A convenient store bottle for liquids is the well-cleansed 
Winchester quart, in which acids and other liquids are con- 
stantly supplied to the laboratory. 

The process of preparing liquids is naturally divided into 
the dilution of liquids (539), the solution of solids (540), 
and the solution of gases (541). 



Dilution of liquids. 

539. In the lists which follow, the proportions by measure 
in which liquids are to be mixed with' distilled water are 
stated. Liquids may be mixed in these proportions by 
measuring them before they are mixed; but the process is 
often simplified by measuring the height from the bottom 
of the cylindrical vessel in which the mixture is to be made 
to the level which the mixture is to reach : this height is 
then divided in the requisite proportion, and the division is 
marked by a file or a diamond, by a painted line, or bv 
an india-rubber ring. The liquids are then filled in and 
thoroughly mixed. The mark once made will always serve 
for diluting the same liquid again in this vessel. 

Thus dilute HCl, No. 2 (550), is made by mixing strong 
HCl with three times its measure of water. The height of 
a Winchester-quart bottle to its shoulder was found to be 
8 inches ; a mark was therefore made on the bottle 2 
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inches from the bottom, strong acid was poiu-ed in until it 
reached this mark, the bottle was filled to the shoulder with 
distilled water, then stoppered and shaken, and was thus 
quickly filled with dilute acid of the required strength. 

This method serves for numbers 2, 3, 4, 6, and 7 (550) ; 
in the preparation of dilute H2SO4 special precautions are 
necessary, because the strong acid becomes intensely heated 
by dilution, see remark 1 in paragraph (550). 



Solution op solids. 



540. In the lists which follow there is always placed, in 
the fourth or fifth column against each solution of a solid, 
the proportion of solid to water to be used in preparing it. 
In some of the tables the fourth column gives the niunber of 
grams of the solid to be dissolved in the Winchester-quart of 
water. This number is derived from the proportion of solid 
to water by considering that an average Winchester-quart 
bottle filled about an inch above its shoulder holds 2400 c.c. 
(cubic centimetres) or approximately 2400 grams of distilled 
water. In a similar manner the weight of water held by 
any other bottle or vessel may be obtained with sufficient 
accuracy for this purpose by measuring its capacity in cc, 
and counting this number as the weight of water in grams. 

Thus the strength given for the AmCl reagent solution. 
No. 5 (550), is 1 : 8, as is shown in the fifth column ; this 
means that a given weight of water must have dissolved in 
it one-eighth its weight of solid AmCl : and since a Win- 
chester-quart bottle holds 2400 grams of water, one-eighth 
of 2400 or 300 grams of AmCl must be dissolved in this 
water to obtain a solution of the required strength. 

Pure solid chemicals are usually sold in the crystalline 
condition: hence it may be assumed that the crystalline 
substance is to be used, unless (a), which signifies amorphous, 
is placed against the name in the first column in the table. 

If a small quantity of a finely powdered solid has to be 
dissolved, or if the solid is extremely soluble in water, the 
solution is often most simply made by introducing the 
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weighed solid at once into the water contained in a stop- 
pered bottle or beaker, and shaking or stirring until solution 
is completed. This method is successful with No. 10 (550), 
with Nos. 28, 34, 38, 48, 53, 61, 63, 70, 77, 78, 81 (551, 
552), and with many of the substances in (553, 554). 

For dissolving large quantities of solids two methods are 
described below: the former (541) is useftd when the solu- 
tion must be rapidly prepared, but the latter (542) is 
decidedly preferable for many reasons, and should always 
be employed if possible. 

541. Method I. — Weigh out the required quantity of the 
solid substance, and heat it with distilled water in a large 
porcelain dish over a Bunsen burner with a rose-top, or over 
a Fletcher burner; this solution would often crystallise on 
cooling, hence it should be at once poured into some cold 
distilled water contained in a large beaker which has been 
marked to show the quantity of liquid required to fill the 
store bottle. While pouring off the liquid press a wet glass 
rod, held vertically, against the lip of the dish, and let the 
bottom of the dish touch the top of the beaker. These pre- 
cautions will prevent the liquid from running down outside 
the beaker. 

Dilute this with distilled water to the required volume, 
mix well by stirring, and if the solution is turbid let it 
stand covered from the air until it is clear; then pour it off 
into the store bottle, carefully leaving the sediment be- 
hind. If the liquid is wanted in haste, it may be filtered 
into the bottle : the coarse brown French filter-paper is use- 
ful for this purpose, since it is strong and porous : the liquid 
should be filtered before diluting it to the full extent, as the 
quantity to be passed through the filter is thus lessened and 
time is economised. 

This method is of general application in the solution of 
solids. 

542. Method II. depends upon the fact that the specific 
gravity of water becomes higher as the quantity of solid 
dissolved in it is increased; hence if the solid is immersed 
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in the water near its surface, a circulation is produced 
by the constant sinking of the water which has been 
in contact with the solid and by dissolving some of it 
has increased in specific gravity, this being replaced by the 
comparatively lighter liquid from below. This circulation 
of water over the solid substance gradually dissolves it with- 
out the use of heat, and the process requires no attention 
after it has once been started. 

1. The most simple method of applying this principle is 
to lay the weighed solid upon a piece of dry well washed 
muslin, then tie this up into a little bag and suspend it in 
the upper part of the water contained in a jar of common 
stoneware or earthenware or of thick green glass. A glass 
rod placed across the mouth of the jar serves to hang the 
bag upon. The process of solution by this method is very 
rapid. 

2. Or a glass cylinder A (fig. 50) which is open at both 
ends, such €us a broken beaker, flask, or bell-jar, may have 
one end covered with muslin, which is fastened on by an 
indiarrubber ring and is shown by the lower dotted line : this 
cylinder with a muslin bottom is supported in the jar by 
means of two pieces of glass rod or tube, 

"Pin- 'iO 

bent as is shown at c c c. Distilled water 
is poured into the jar until it buries the 
muslin to the depth of about half an inch ; 
the weighed substance is then placed in 
the cylinder and the whole is allowed to 
stand until the solid has been dissolved. 
With large quantities of substance this will 
usually require several hours, with smaller 
quantities about twenty minutes or half an 
hour. 



3. A convenient substitute for the glass 
cylinder with muslin bottom is an earthenware colander 
(fig. 51). If the jar is too large a stoppered bottle of suitable 
size may be placed in it to raise the water level sufficiently 
to reach the substance. 
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The processes of solution and filtration may be performed 
simultaneously by laying a piece of filter paper on the 
bottom of the colander, or upon the muslin before fastening 

it on the cylinder ; even the coarse grey 
Fig. 51. paper will however considerably retard the 

process of solution. 

Large quantities of substance are most 
readily dissolved by starting the process 
over night ; the solution will then be com- 
pleted by the morning. In this case the 
retardation caused by the filter paper will 
be immaterial : but the paper is usually 
unnecessary, since any fine particles which 
have passed into the water will have 
settled, and the liquid can therefore be easily decanted from 
the sediment. 

It must be borne in mind that the volume of the water is 
increased by the solution in it of many salts, and especially 
of such salts as contain water of crystallisation ; hence the 
quantity of water placed in the jar must be less than the 
volume of solution required, and the liquid is made up to 
the required volume after the solution has been effected. 

545. Preparation of saturated solutions. — A solution is 
said to be saturated when it contains the largest amoimt of 
the substance which the liquid can dissolve at the tempera- 
ture of the solution. The quantity which can be dissolved 
usually Taries widely with the temperature, and in the case 
of a solid commonly increases with rise of temperature. 
Saturation at ordinary atmospheric temperature is always 
implied below. 

The methods described in (542) are very convenient for 
the preparation of saturated solutions; the solution is known 
to be saturated when the solid supplied to the upper part of 
the liquid ceases to be any further dissolved. 

In the case of a finely powdered substance, which remains 
long suspended in water, a saturated solution is also easily 
obtained by shaking up well with water, allowing the powder 
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to subside and decanting the clear solution. The following 
solutions will serve as illustrations. 

1. Calcium sulphate solution^ No. 16 (550), is made by 
filling a Winchester quart up to its shoulder with distilled 
water, then pouring in some plaster of Paris powdey, 
stoppering the bottle and shaking it well. The liquid will 
remain milky for a long time, and since the water is thus 
kept in contact with a large surface of the solid it will 
become saturated with CaSO^ before the powder has 
settled. As soon as the liquid has become perfectly clear 
by settling, the solution is decanted into another bottle 
for use ; the sediment remaining in the first bottle is again 
shaken up with water and the bottle is set aside ; it will thus 
furnish a fresh supply of the clear solution when required. 

2. Lime water, No. 57 (552), is prepared by introducing 
freshly slaked lime into a Winchester quart bottle filled to 
its shoulder with tap water, and proceeding precisely as in 
the preparation of calcium sulphate solution described in the 
preceding paragraph. 



Solution of gases. 

646. Many gases which are more or less soluble in water, 
are most conveniently applied as reagents in the dissolved 
condition. Those which are most frequently used can be 
readily and cheaply purchased, such as ammonia solution. 
No. 6 (550), sulphur dioxide solution, No 49 (551), and 
hydrofluosilicic acid. Of the remaining gaseous solutions 
mentioned below, sulphuretted hydrogen solution should be 
kept in readiness, but the gas may be passed through the 
solution instead ; nitrogen tetroxide solution is replaceable 
by a freshly acidified solution of potassium or sodium nitrite, 
and as a substitute for chlorine water either bromine water 
or freshly acidified solution of bleaching powder may be 
employed. 

It will be seen therefore that the preparation of gaseous 
solutions is by no means indispensable. 

All the solutions mentioned below should be prepared in 
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ailicoa fluoride gas into water. The gas is prepared in a 
„ ,, flask fitted as is shovu in (fig. 53): into this 
flask an intimate mixture of 50 gmnunes 
of dry, pure, finely powdered fluorspar with 
. 50 grammes of fine white sand is poured; 
Q grammes of strong H^O, are then intro- 
duced through the funnel tube, and the acid 
is mixed with the powder by shaking it round 
a the flask; the gas evolved on gently heat- 
ing the flask with the flame from a rose- 
bumer, is made to pass first through the 
bottle B (fig. 63), which must be empty 
and dry inside; thence it escapes through a 
bent tube a b (fig. 55), which is fitted upon the outlet tube 
of B by an india-rubber joint: the end of the tube (a b) is 
made to dip into mercury contained in a small beaker d 
(fig. 55), which stands in a large beaker containing 400 
cc. of water. 

As soon as the silicon fluoride gas comes into contact with 
the water after escaping from the mercury, it is decomposed 
into hydrofluosilicic acid which dissolves in the water, and 
silica which remains suspended in the water as a gelatinous 
mass ; the silica would very soon close the end of the delivery- 
tube (a b) if it were not protected from contact with water 
by being immersed in mercury. 

As the current of gas slackens the heat is raised, until 
white fumes of H^O^ begin to appear in the preparation 
flask; the process is then arrested and the gelatinous silica 
is separated from the solution by squeezing the liquid 
through fine mushn and then filtering it if it is not quit£ 
clear. The silica may be dried, heated strongly in a porce- 
lain dish and put by in a stoppered bottle as reagent No. 
86 (552), for which it serves admirably. 
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STORE JARS AND BOTTLES. 

547. As store jars for large quantities of solid chemicals 
the broad-necked common green glass jars with flat stoppers, 
which are used for preserves and confectionery, may be em- 
ployed. They are very cheap and strong, and present the 
advantage over stoneware jars that one sees at a glance the 
quantity of material they contain. The stoppers exclude 
dust and can be at once made air-tight by fastening a cork 
ring around their lower part: it is, however, only necessary 
in the case of very few chemicals to exclude air perfectly. 
These jars can be purchased in several convenient sizes. 
Solids are readily removed from them by means of wooden 
spoons. 

The little white glass honey-jars with glass caps serve 
well for keeping smaller quantities of solids, and can be 
similarly made air-tight by means of a cork strip. These 
jars serve for storing the solid powders which are required 
for analysis in the laboratory (559-561): their necks being 
of the requisite breadth for inserting a watch glass. 

Well made German white glass bottles can be purchased 
for the reagents and test solutions: these bottles have flat 
headed stoppers which protect the lip from dust, and each 
stopper has been ground into the bottle so as to insure its 
fitting ; stopper and bottle are then prevented from perma- 
nently parting company by having an identical number 
etched upon them. 

The liquid bench reagents (550) may be kept in narrow- 
necked bottles of 6 or 8 ounces capacity, and the solids in 
4 ounce broad-necked bottles; whilst the special reagents 
(551, 552) should be in 12 oimce bottles. The test solu- 
tions (553, 554) require larger bottles of about 32 ounce 
capacity: they may be kept in stock in Winchester quart 
bottles. 

The bench reagent solutions may be conveniently kept 
in stock in an accessible position in the laboratory in large 
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white glass jars with glass taps below : these taps are 
ground into a tubulure near the bottom of the bottle, and 
after they have been inserted perfectly dry are fastened by 
a thick coating of paraffin wax. The plug and seat of the 
stopper require to be occasionally thoroughly dried and 
greased. This arrangement of the stock enables each 
student to fill his own bench bottles when necessary. 

Accurately fitting stoppers should not be used in bottles 
containing solution of KHO or NaHO, as they are certain 
to be set fast : a loosely fitting stopper or a glass marble 
placed on the neck obviates this difficulty. 



Labblling bottles. 



548. Every bottle in use in the laboratory should be 
labelled as permanently as possible; beginners are much 
assisted if the label bears not only the name but also the 
chemical formula of the substance contained in the bottle. 
It is also extremely convenient to legibly number each 
bottle in its series, this number serving as a short means of 
reference and also helping to keep the bottle in its place, so 
as to enable it to be easily found : this is made more certain 
still if the edges of the shelves are numbered to correspond 
with the bottles which should stand on them. The gummed 
labels should be stored in a dry place. 

After the whole surface of the gummed label has been 
carefully made to adhere to the bottle by pressure with a 
clean cloth, and it has been allowed to dry thoroughly, it 
should be brushed rapidly across with an ordinary broad 
flat and stifi* gum brush, which has just been taken out of 
a little dish of melted paraffin wax. A thin coating of the 
wax is thus laid on, which should entirely cover the label 
and project for a short distance beyond its edge upon the 
glass surface. A little practice will render it possible to lay 
on an even layer of the wax which does not penetrate and 
grease the paper. If the paraffin be heated only slightly 
above its melting point it will set too rapidly to grease the 
paper. 
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This paraffin varnish, if properly applied, perfectly resists 
the action of water, acids and alkalis, and in fact can only be 
removed or injured by mechanical means, by heat, or by such 
solvents as ether and turpentine. 

Bottles containing the strong mineral acids conunonly 
have ordinary labels etched upon their surface, but this is 
tmnecessary since the paraffined paper label stands perfectly 
well. Names and formulae painted on bottles with Bruns- 
wick black are also very permanent in the laboratory. 



LISTS OF BEAGENTS AND OHEMIOALS. 

549. In the following lists (550-554) will be found each 
reagent and test substance required in the analytical course. 
In the first column is a number which may be used for short 
reference, and which serves to keep the bottle in its place, 
and to find it when required : in the second colimm stands 
the name and in the third the chemical formula of the 
substance ; while the subsequent columns give the strength 
of the solution and details of its preparation, in cases to which 
the general methods described in (539-545) do not strictly 
apply. 

An "s" following the reference number in paragraphs 
(553, 554), means that the substance is required in the 
solid state as well as in solution, and some of the solid in 
powder should be placed in a 4 oz. bottle and kept near the 
solution. 

The directions for preparing liquid reagents have been 
already given in (539-546), it is only necessary to add that 
in stating the proportions of solid or liquid to water required 
for the solutions the water always stands last; and that (m) 
signifies proportion by measure of liquids, and (w) proportion 
by weight of solids to water. 
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550. — Reagents requirei 



1. 

Reference 
number. 



Liquids. 

1. . 

3. . 
4 

6. . 

6. •.. 

7. . 

8. •>• 

9. . 

10. ... 

11. . 

X^ ••• 

13. 

14. ... 

15. 

16. ... 
17. 
Solids. 

lo. ... 

19. . 

20. ... 

a. 



2. 

I7ame. 

[The numbers in brackets refer to remarks corre- 
spondingly numbered in the sixth column.] 



Sulpburic acid Q), 
Hydrochloric acid (*), 
Nitric acid O, . 



Acetic acid (4), 

Ammonium chloride (*), 

Ammonia, or^nmionium hydrate (<0 

Ammonium sulphide (J\ 

Ammonium carbonate (^, ... 

Ammonium oxalate, . 

Potash, or Potassium hydrate, 

Potassium chromate, . 

Potassium ferrocyanide, 

* Potassium ferricyanide (^), . 
/ 1 Sodium phosphate (}% or -^ 
•J Hydric disodic phosphate, or 
' Bjdrogen disodium phosphate. 

Sodium carbonate, 

Calcium sulphate, 

Barium chloride. 



r 



Sodium carbonate O'X 

Borax 0^ 

Potassium chlorate, . 

Test papers. 



3. 
Formula. 



H2SO4 • . 
HCl ... ... 

HNO, . 

I HA, or ) 

I HCsHsOz i 

NH4HO ... ... 

(NH4)28. 

K.HO ... ... 

K4FeCye.SHsO... . 
KeFejCyi, . 

Na2HPO4.12H20 . 

Na200,.10H,0(ciy8Ul«) 

CaS04 *** ^* 
BaCl2.2H^ 

NaHOOs 
Na2B407 

KCIO3 ... .M •• 



* This reagent undergoes decomposition by exposure to light and must not be top* 

t Hydrogen sodium ammonium phosphate (NaAinHP0)4 solution senres better^ 

given above for NajHPO^ . 
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FOB BACH Bench. 



Weic^t of solid in 
gramB to be dis- 
solyed in one " Win- 
chester" of water. 



••• ••• ••• 



800 



100 
200 

... sUv ••• ••• 

200 

eoo 

8fttiiratedsolution(545,l) 
200 



6. 

Proportion of 
solid by weight 
(w.) and liquid 
by measure 
(m.) to water. 



In small crystals. 

Bine and red lit- 
mus and turmeric 
papers in small 
strips. 



1 
1 
1 



1 
1 
1 
1 
1 
1 
1 
1 
1 



6 m 
8 



8 
1 



n 



8w. 
dm. 

1 „ 
6 w. 

24 „ 

8 „ 

12 „ 

12 



12 



tt 



ft 



1 : 12 „ 



1 : 4 



1 12 



ft 



»> 



6. 

Remarks. 

pile small numbers refer to corresponding 
numbers in the second column.] 



1. Pure strong H2SO4 must be poured in the 
proper proportion into water contained in a 
large thin beaker or an earthen jar, con- 
stantly stirring the water all the time : the 
right proportions are obtained by measure- 
ment of the height of the vessel (539).' The 
hot liquid is cooled by immersing the vessel 
in cold water, and is then poured into the 
store bottle. If the acid is pure, no white 
precipitate (PbS04) forms during dilution. 

2. Must be colourless, and give after dilution 
no precipitate with either fiaCU or H2S. 

8. Must give no precipitate after dilution, with 
Bado or AgNOs added to separate portions. 

4. Must give no precipitate with BaCl2 . 

5. Must give no precipitate or coloration with 
AmjS. 

6. Must give only a very slight precipitate 
with lime water, no coloration with Am^S, 
and separate portions acidified with HlfO« 
must give no precipitates with BaCl« and 



AgNO, 



« 



Liquor ammonisB fortissima," of 



880° specific gravity, is bought. 

7. Must be yellow, and give with acids HsS 
and a white precipitate of S : it must give no 
precipitate with solutions of Ca- or Mg-salts. 

8. The solid Am^OOs is dissolved by the second 
method (6^) in cold water, but in diluting, 
one-fourth of the "Winchester" must be 
filled with strong AmHO. 

0. Must give no blue precipitate with Ve^Ci^ 
solution. 

10. Must yield no precipitate with AmHO. 

11. D17 finely-powaerea " bicarbonate of soda." 
It must, aiter having been dissolved in ex- 
cess of HNO3, give no precipitate with BaClj 
or AgNOa, or AmHMo04 ^77), and if eva- 
porated with excess of HCl must leave no 
residue insoluble in dilute HCl (291). 

12. The borax is best dried by heating in a 
platinum or porcelain dish until after melt- 
ing it has again become solid ; this solid 
mass is then finely powdered in a mortar 
and kept in a stoppered bottle. 



■^r a window : it is better to dissolve a fragment of the solid each time it is required. 
t^t^ipitation of Mg than does Na3HP04 solution : it is prepared of the strength 
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551- —Eeaoents fob General Use, 

Except in large laboratories it will be oimecessaiy to keep these 
in the laboratory, may be made up to the right strength as soon as they are 



1. 



Reference 
aomber. 



25. 
2e. 
27. 
28. 
29. 
30. 

3L 

82. 
88. 
84. 
35. 

36. 

87. 

88. 
89. 

40. 

41. 

42. 
43. 
44. 
45. 
46. 
47. 
48. 
49. 
50. 
61. 
52. 
68. 



2. 

Name. 

[The gmall nnmberB in brackets refer to remarks 
correspondiiigly numbered in the fifth column.] 



Sulphuric acid 00 

Hydrochloric acid (»)♦ 

Nitric acid (»)• 

t Platinum chloride 

Alcohol, Rectified spirit 0») . 

Tartaric acid (I*) 

Acid sodium tartrate, Hydric sodic tartrate (^o) 

Slaked lime (<i) 

Acetic acid 0)* 

C!obalt nitrate (*«) 

Hydrofluosilicic acid (") .... 
( Sulphuretted hydrogen solution > 
( Hydrogen sulphide f ^ ^ 

Oxalic acid . . . . . 

Potassium sulphocyanide 

Potassium nitrate ..... 

Lead acetate (2») „, ^ ^ 

Sodium acetate ...... 

Potassium cyanide (^ 

Bromine-water (2^) i ..... 

Stannous chloride (2^ 

Copper(») 

^■i-UC ^ J ••• •«• ••• ••• ••• •■• •«« 

steel (31) 

Silver nitrate 

Sulphurous acid ..... 

Ciopper sulphate 

Magnesium sulphate ..... 

Mercuric chloride 

Qold chloride ...... 



Formula. 



H2SO4 . 
HCl 

HNO, . 

PtCli ... 

HjT or H2C4H40« .. 
f NaHT.HjO 
( NaHC4H40«.H20 

Ca(fl0)2 

HA or HCzH^O} 

Co(N03)2.6H40 

HjSiF, . 

HsS-solution , 

J H20.2HaO I 

( H2C2O4.2H2O f • 

K.CyS ... ... .„ 

KNO, . 
j PbAg-SHjO ) 

t PbCCgHaOaVSHjO )* 
j NaA.SHgO ) 

( NaC2H302.3H20 ) * 

KCyorKCN ... 

Br-water 

SnCl2.2H20 

Cu 

Zn 

Fe 

AgNOj 

H2SO, . 

CU8O4.5H2O 

MgS04.7H20 . 

HgCl2 ... ... ... 

Aua, . 



* See last column on the preceding page. 

t Must be used in very small quantity only, being an expensive reagent. 
X Sodium hypochlorite (NajajO), the ** Liquor Sod© Chlorinate " of commerce 
may be used, but does not keep well. 
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FOR THE Detection op Metals. 

reagents in store in quantity. The 12 oz. bottles in which they are contained 
empty by the proportions stated below in column 4. 



4. 

Froportion by weight of 

solid to water : and 

weight in grams for 

a 12 oz. bottle in 

aquare braoketa. 



Strong pure. 



n 



ff 



» 



fi 



1 : 30 [15 grams]. 

Strong. 

1:10 £46 grams]. 



... Solid. 

. Strong. 

... 1 : 12 [40 grams]. 

. See'(546. S^ 

... See (640.1). 

. 1 : 12 [40 grams]. 

... 1 : 100 [5 grams]. 

. SoUd. 

^. 1 :12[40gnuB8]. 

. SoUd. 

... Solid. 

... 1:12 [40 grams]. 



1:100 [5 grams]. 
See (646. 2). 
1 : 12 [40 grams]. 
1 : 12 [40 grams]. 
1 :20[80 grams]. 
1 : 80 [15 grams]. 



5. 

Hemarka. 

[The numbers in this colmnn refer to those in brackets in 

the second column.] 



17. Must be colourless and form no brown ring when poured 
below some FeS04 solution (247). 

18. Strong rectified methylated spirit, which must leave no 
residue on evaporation, and remain clear on dilution. 

19. The solution should be mixed immediately after preparation 
with several droits of carbolic acid to prevent a vegetable 

growth forming in it : or better still some crystallised H2T 
should be dissolved when wanted. 

20. Dissolve 10 grams of HgT in 100 c.c* of water, divide this 
solution into equal parts, exactly neutralise ^34} one part by 
heating it neariy to boiling and stirring in solid NaaCOs in 
powder ; add to this the other part, cool and dilute to 150 c.c. 
A few drops of carbolic acid should be added to the solution. 

21. Pieces of freshly-burnt lime are placed on a plate, and 
water is poured upon ihem until they be^ to appear moist 
on their surface ; the superfluous water is then drained off, 
and as soon as the lime has crumbled to powder, it is placed 
in a broad-mouthed stoppered bottle. 

22. The bottle should be closed with a loosely-fitting india- 
rubber stopper, perforated, and with a glass tube passed 
through it and dipping into the solution ; when a drop of the 
solution is required, the upper end of the glass tube is closed 
by the finger, and a drop is delivered from the opposite end 
by slightly relaxing the pressure of the finger. 

23. The solution must give no precipitate with Sr(NO^ 
solution. 

24. This solution must not darken on adding AmHO. 

25. A little KA must be added to this solution to make it clear. 
20. Solution of KCy is made (1 : 12) ; it decomposes so readily 

that the solution is best made immediately before use by 
heating a small piece of solid KCy with distilled water. 

27. A few drops of Br dissolved by well shaking with water. 

28. Crystals of SnCls should be dissolved by heating them with 
water containing some Hd ; the solution should be kept in 
a well-stoppered bottle containing pieces of granulated or 
block tin. 

29. In strips cut from thin copper-sheet. 

80. In strips or rods, or granulated ; it must be proved to be 

free from As by (181, 182, or 183). 
31. Common knitting-needles broken into short lengths,- and 

kept in a bottle containing pieces of quicklime to prevent 

rusting. 



CO. is the contraction for cubic centimetre. See weights and measures (564). 
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552. — Eeaoents for General Usa 

Refer to note under 



1. 



Reference 
number. 



57. 
58. 
50. 
60. 
61. 
62. 
63. 
64. 
65. 
66. 
.67. 
68. 
69. 
70. 
71. 
72. 
73. 
74. 

75. 

76. 
77. 
78. 
79. 



30*. 

81. 

82. 

83. 

84. 

85. 

86. 

87. 

88. 

89. 

90. 

91. 



2. 

Name. 

[The small nnmbers in brackets refer to corre- 
sponding numbers in the fifth column.] 



{ 



lime water ...... 

Lead acetate in potash C^ 

Potassium dichromate .... 

L>uiorine water ... ... ... ... ••. *•• 

Ferric chloride («») 

Ferrous sulphate ^^) 

Potassium iodide ..... 

Indigo-solution ('^ 

Manganese dioxide CO 

Potassium dichromate {^ .... 

Ether (methylated) 

Carbon disulphide ..... 

Potassium nitrite (3^) 

Nitrogen tetroxide solution .... 

Anmionium molybdate 0*') 

Calcium fluoride ..... 

Potassium disulphate 

Microcosmic salt, or . . l/in ^ 
Hydric ammonic sodic phosphate j^ ^ 

Wax, or paraffin 

Calcium chloride . . ... 

Potassium chloride 

Marble ....... 



Formula. 



Ca^0)2 

PbAa+KHO 

E20r2O7 . 

Cl-solution 

FejCle . 

FeS04.7H20 

El 



Mn02 ... ... 

Es^zOr . . 

CS2 

KTiOj ... ... 

N204-Bolution . 
(NH4)HMo04 
CaFg . . 

KH0O4 **• **• 

NaAmHP04.4H20 



... 



... ... 



CaGl2.6H20 (crystals) 

Jtkv/l... ..a 

CaCOs 



»•» .•• 



Distilled water (4^ 

Pure sodium hydrate (<*), pure soda 

Fusion mixture (") 

Barium carbonate (*<) ..... 
Solution of sodium acetate in dilute acetic acid {*') 
Sodium nitrate (*«), solid; .... 
Silica, or finely powdered white sand. (See 646. 6.) 

Hydrofluoric acid (<0 

Zinc sulphate. (SeeNo.lllX 

Calcium carbonate, pure. (See 481.) 

Ammonium chloride, pure, in powder. (See 481.) 
Barium peroxide, in fine powder 



H2O 

NaHO 

Na2CO3+K20O, 

BaOO, 

NaA+HA 

NaNO, 

SiO, 

HF 

ZnS04.7H20 

CaCOs 

NH4Ca 

BaO, 



N08. 80-91 are certain specUl 
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FOB TUB DbTBOTION OP AciD-RADICLES. 
the heading of (551). 



4. 

Ptoportkn by weight of 

solid to water : and 

weight in grams for a 

12 oz. bottle, in 

square brackets. 



See (545). 

1: 24 [20 grams]. 

See (546. 8). 

1 : 24 [20 grams]. 

Solid. 

1 : 60 [8 grams]. 

Solid. 

SoUd. 
SoUd. 



. 1 : 24 [20 grams]. 
See (546. 4). 

In powder. 
,. In small pieces. 

In small crystals. 

. Solid in pieces. 

1 : 12 [40 grams]. 
. 1: 12 [40 grams]. 
In pieces as large ad a pea. 



5. 

Bemarks. 

[The numbers in this column refer to corresponding 
numbers in the second column]. 



32. To some of the PbA2 solution (No. 40) EHO solution is 

added until, on warming, the precipitate at first formed 
is just redissolved : p^per dipped into this liquid is a 
very delicate test for HsS (230l 

33. The solution should not contain any free acid : to re- 

move acid AmHO is added until the further addition 
of a single drop gives a reddish-brown precipitate of 
FeoHeOfl in the solution. 

34. FeS04 solution rapidly oxidises in the fair, hence the 

FeSOf should be kept in the solid state as small green 
crystals, which should not show a yellow coating in 
any part ; these are dissolved when required by 
crusldng and shaking with cold water. 

35. Starch solution rapidly changes, it is best therefore to 

keep the starch as a powder. Starch solution is made 
by stirring 2, grams of this powder, which has been 
made into a'paste with 10 c.c. of cold water, into 100 
c.c. of boiling water and cooling. 

36. Made by dissolving indigo-carmine in water. 

37. Should be kept in fine powder ; it must not evolve CI or 

CO2 when warmed with strong H2SO4 . 

38. In small pieces, or in powder. 

39. The solution is prone to change, and should be made in 

snmll quantity only : it must evolve copious red fumes 
when mixed with H2SO4 . 

40. Make the solution with the following proportions :— 1 

gram of Am2Mo04 is dissolved in 12*5 c.c. of strong 
AmHO which has been previously mixed with an equal 
quantity of water, the solution is allowed to stand (if 
necessary) till clear, then poured off into 50 c.c. of 
strong HJN O3 : the liquid will become hot, and should 
be allowed to stand until it is cool before being used. 



40 a. The HKO3 solution of this salt must yield no precipitate with AgNOj. 

41. Must leave no residue on evaporation ; in separate portions no precipitates 

must be caused by BaClg, AgNOa, or Am2C204, neither must any precipi- 
tate or even dark coloration be produced by addition bf Am2S. 

42. The proportion by weight should be 1 : 10 of water ; it is best kept in green 

glass bottles, as it slowly dissolves Pb from white flintglass; The solution 
must not become dark in colour when mixed with HoS, nor give a gela- 
tinous precipitate (AI2H06) when mixed with excess of AmCl solution. 

43. Dry finely powdered Na2C03 and El2^8 ^^ intimately mixed in the propor- 

tion of 58 : 69 by weight, and kept in a stoppered bottle. 

44. Pure powdered BaCOs is either purchased, or is made by precipitating 6aCl2 ' 

solution completely with Am2C03 or ]Sra2C03 solution, and washing the 
precipitate well by decantetion. This powder is then mixed with distilled 
Water to the consistency of thin cream. 

45. Dissolve 20 grams ofNaAin 60 c.c. of distilled water, and add to the solution 

40 c.c. of strong HA. 

46. Made by neutralising strong hot Na2C03 solution with HNO3 and evaporat- 

ing to dryness. Sold also as Chili saltpetre. 

47. Purchased and kept in gutta-percha bottles. 



I 



reagente entered apart. 
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TEST SOLUTIONS FOE THE 



553. Solutions fob the 

Each bottle should bear on its label the number, name, and formula of 
tions, containing the powdered solid of each of those substances whose number 
number, and formula of the substance. 



1. 

Eeference 
number. 



lOO.B. 
101.B. 

102.B. 

103.8. 

104. 

105. 

106. 

107.8. 

108. 
109.8. 

110.8. 
111.8. 

112.8. 
113.8. 

114. 
116.8. 
116.8. 
117.8. 

118.8. 
119.8. 

iao.8. 

120. 

121.8. 

122.8. 

123.8. 

124. 

126. 

126. 



2. 

Name. 

[The nnmberB in bracketB refer to Bimilarly 
numbered remarks in the last column.] 



Potassium chloride 
Ammonium chloride 
Sodium chloride. . 
Magnesium sulphate 
Barium chloride . 
Strontium nitrate 
Calcium chloride 
Alum, or 

Aluminium potassium sulphate 
Ferric chloride (a)* 

Ferrous sulphate (<*) 

Chrome alum, or 

Chromium potassium sulphate 

Zinc sulphate 

Manganese chloride (a) 

Nickel sulphate 

Cobalt nitrate . 

Mercuric chloride 

Lead acetate (*^) . 

Bismuth nitrate (^^) 

Copper sulphate 
Cadmium sulphate (a) ... 
Arsenious oxide (a) (*i) 

Solution in dilute HCl 
Arsenious oxide (a) (**) 

Solution in wat^ 
Sodium arsenate 
Antimonious chloride (^ f 
Stannous chloride (^) . 
Stannic chloride <^) ... 
Silver nitrate 
Mercurous nitrate (^) 



} 



} 



8. 
Fcnmula. 



KCl 

AmCl 

NaCl 

MgS0i.7H20 ... 

BaCl2.2H20 . 

Sr(NO»)2.4H20 

A1K(S04)2.12H20 

Fe2Cl« . 
FeS04.7H20 ... 

CrE(S04)2.12HsO 

ZnS04,7H20 ... 
MnClx . 
NiS04.7H20 ... 
COCNOsVeHjO 
HgClj ••• ... 
PbAj.SHjO 
Bi(NOs)8.6HsO 
CUSO4.6H2O . 
CdS04.4H20 ... 

A82OS . 



NasHAsO4.12Ht0 
DDCI3 ... ... 

SnClj.SHsO . 
SnCl4 
AgNOs . 
Hg2(NO,)2.H20 



* a signifies that the solid substance » 
t SoUd SbjOj or K(SbO)T (Tartar cmftic) 



168.] 



BEACnOKS OF THE METALS. 



353 



RSAOnOKS OF THE MeTALS. 

iie sabstance. Small 4 oz. wide-mouthed bottles should be kept near the solu- 
[iss a small (s) afiixed to it ; these bottles should also cany on their label the name, 



Weight of solid in 

grams to be dissolved in 

one "Winchester." 



100 
60 

oU ««• ••• 

86 • • 

200 (in crystals) 

200 ••• • • 

25 . 

ZD ••• ••• 

60 . 

2SD ••• •»• 

26 . 

Ov ••• ••• 

60 . 

ou ••• ••• 

60 . 

2S0 ••• ••• 

60 . 



Proportion by 

weight of 

soUdto 

water. 



^ 26 
10 



60 
25 
25 






[26 
25 



1 
1 
1 
1 
1 
1 



1 

1 



1 
1 
1 
1 
1 
1 
1 
1 



26 
12 
60 
60 
100 
12 
12 

12 

100 
100 

60 

100 
100 
60 
60 
60 
60 
100 
60 



1«^100 
1 : 260 



1 

1 
1 

1 
1 



60 
100 
100 

100 
100 



0. 

[These numbers correspond to the small reference 
numbers in brackets in the second column.] 



48. 



49. 



The solution must be made add with a little 
HtSOf, and some clean iron nails kept in it, or 
better, a small quantity is freshly prepared 
when required, see No. 63 (662) 

A little HA must be added to this solution to 
make it clear. 

60. 25 grams of Bi(NOs)B must be dissolved by heat- 

ing with 26 c.c. ox strong HCl diluted with 25 
of water; this solution is cooled and poured 
into the bottle, and the measure made up by 
ponrl ngin dilute HCl containing one-twentieth 
of its volume of strong BGl. 

61. Dissolve 10 grams of ijE^Os by heating it with 

60 c.c. of strong HCl mixed with 50 c.o. of 
water, and dilute to the Winchester-quart. 

Boil excess of As20s for several minutes with 
2000 cc. of water, and filter into the quart- 
bottle, t 

28 grains of crystallised SbCl« are dissolved in 
25 cc. of strong HCl mixed with 25 co. of 
water, and diluted to the quart t with HCl 
mixed with four times its measure of water. 

Boil 25 grams of Sndj with 50 c.c. of strong 
HCl mixed with 60 c.c. of water, as soon as it 
has dissolved to a clear solution dilute to the 
quartt. Scraps of Sn must be kept in the 
bottle. 

Heat 25 grams of SnClg with 25 cc. of strong 
HCl and 100 c.c of water ; whilst constantly 
stirring, add KClOs to the hot solution untU 
the liquid turns yellow and CI is smelt, boil 
off the CI and dilute to the quartt. 
66. ~ 



52. 



IS, 



54. 



55. 




tion until it is diluted to a quartt. Keep Hg 
in the bottom of the bottle. 



t^ot in the crystalline condition. 

^taay be used for the blowpipe reaction. 



t Winchester-quart. 
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TEST SOLUTIONS FOR THE 



551. Solutions fob 

Refer to the note at the head of the preceding Table, which is 
amongst the reagents (550-562) and the solutions for the reactioni 



1. 

Reference 
Number. 


2. 

Name. 

LThe small numbers in brackets refer to the corre- 
sponding numbers in the sixth column.] 


8. 

Formula. 


130. 
131.8. ... 

'182.8.*". 

loS.S. ... 
134. 

135. ... 
186.8. . 
187.8. ... 
138.8. . 
139.8, ... 
140.8. . 
141.8. ... 
142. 

143. ... 
144.8. . 
145. ... 

146.8. . 

147.8. ... 
148. . 
149.8. ... 

150. . 

151. ... 
152. 
153.8. ... 

154.8. . 

155.8. ... 


Sodium sulphate 

j Sodium carbonate (*0 

( Marble (calcium carbonate) ("0 

Ferrous sulphide ('^ • 

Ammonium sulphide (^) .... 

Acid sodium sulphite 

Sodium thiosulphate ..... 

Sodium hypochlorite ('^) 

Potassium nitrite (a) 

Potassium nitrate 

Potassium chlorate 

Sodium chloride ("(*) 

Sodium bromide 

Potassium iodide 

Sodium phosphate ..... 

Sodium arsenate (''I) 

Borax («) 

Potassium bichromate 

( Sodium silicate (W) 

, Silica (white sand) 

Fluor-spar (calcium fluoride) . 

Hydrofluosilicic acid («*) 

Potassium cyanide (o^) . . . . i 

Potassium ferrocyanide 

*Pota8sium f erricyanide «... 

Potassium sulphocyanide 

Ammonium oxalate (^^) .... 

f Tartaric acid (8^ 

( Sodium tartrate (««) 

Sodium acetate (^) 


Na2SO4.I0H,O . 

NaHCO, 

CaCOs 

FeS 

AmsS 

NaHSOs 

Na2S20s.5Hs0 . 
NazClsO 
KNO, . 
£lnOs ... M* 
KCiOz . 

Naa 

NaBr . 

*vx ••• ••• 

Na2HK)4.12H,0 

Na2HA804.12HtO 

Na2B4O7.10H,O 

EgCrjOf .M 

NasSiO, 

SiOs 

CaF] ... ••• 

H«SiFc 

KCy 

K4FeCye.3Hs0 

KcFeaCyu 

KCyS ... ... 

Am2G204.2H,0 

Hg-l- ••* **• 

Naif.2H,0 

NaA.8HsO 



See No. 13 (650). 
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Rbaotions of thb Acid-IIadiclbs. 



applicable to this. Many of the solutions in this list are already prepared 
metals (553). 



Weight of solid in grams 
to oe dis8(^Ted ia one 
Winchester-quait. 



26 






100 

100 
100 
60 
60 
60 
12 
60 
60 

26 



In flue powder. 

60 
^ 26 .« 

26 
^ 25 «. 
. 100 



Proportion by 

weight of 
solid to water. 



1 : 100 



1 : 26 
1 : 26 



1 
1 
1 

1 
1 
1 
1 
1 



26 
26 
60 
60 
60 
200 
60 
50 



1 : 100 





: 60 




: 100 




: 100 




: 100 




: 25 




: 10 



Bemarks. 

tThe numbers correspond to the small reference 
numbers in brackets in the second column.] 



57. The N&HCO3 is required only in the solid 

form, and can be taken from the reaeent 
bottle on the working bench, Ko. 18 (650y. 
The marble is kept in small pieces as 
large as a pea ; it is found in reagent bottle 
No. 79 (552). 

58. The FeS is kept as a solid in small pieces as 

liurge as a pea. 

The Am2S can be taken from rei^nt 
bottle No. 7, on the working bench. 

59. Strong "Liquor Sodss ChlorinataB,** diluted 

with an equal measure of water. 

60. No. 102, paragraph (668). 

61. No. 121, paragraph (553). 

62. No. 19, paragraph (550). 

63. Tbo solution is made by dissolving 100 

grams of the thick syrup, sold as " soluble 
glass," in water, and diluting to the Win- 
chester-quart. The solid sulD^tance to be 
used is sand finely ground. 

64. No. 35, paragraph (551). 

65. No. 42, paragraph (551X The solution de- 

composes by keeping, a little solid is dis- 
solved when required. 

66. No. 9, paragraph (550). 

67. No. 30, paragraph (551). 

68. 123 grams of HjT are dissolved by heat in 

500 c.c. of water, the hot solution is 
exactly neutralised with solid Na2COs, and 
then diluted to a Winchester-quart 

69. A little of the solid substance (see Na 4l« 
(551). is dissolved, when required, in water. 
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OTHER CHEMICALS AND EEAGSENTS^ 
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556, TEST STJBSTANCES ANJ> BEAGKNTSi FDR THE BABES ELEMENTS (489>^ 

AND OBJQANIC SUBSTANCES <50^. 

Only those sabstances and reagents are entered here which do not occur !■ tlie piecedini^ 
list. A small quantity of solution is made wiien required. 



Tbbt SUBSTANOES.] 



Bkaqests. 



ThaHiom snlphate, , . 


. TI28O4 


Sodium tungstate, , 


. . NajfWO* 


Palladium chloride, . 


, PdClj 


Ammonium molyfodate, 


, AmeMo04 


Iron selenide, . . . 


, . FeSe 


Potassium selenate, . . 


. EsSeOf 


Lead telluride, . . , 


, , PbTe 


Potassium tellurate, 


. . K2Te04 


Uranium nitrate, . . . 


. . UOaCNOa)^ 


Indium sulphate, . , . 


Ina(S04)3.9H20 


Beryllium sulphate, , 


. Be2(S04)8 


Titanium oxide . . 


, , TiOj 


Sodium vanadate, 


, . NaVOg 


Lithium chloride, . . 


. , liCl 


Bubidium chloride, ■ 


. . BbCI 


Ctesium chloride. 


, . CsCl 



Mercuric cyanide, solution, HgCyg 

Potassium bicarbonate, solution, . , . EHCO3 

Potassium bisulphate, solid, .... S[HS04 

Tin, granulated, Sn 

Hydrogen peroxide, dilute acid solution, H2O2 

Barium peroxide, in fine powder, . . BaOj 

Cakiion sulphate, in fine powder, . . CaS04 



Sodium formate, . . , NaHCOj 

Sodium citrate, .... NaaCeHfO; 

Ammonium succinate, . Am2C4H404 

Ammonium benzoate, . AmC7H502 

Tannic acid, C14H10O9 

Gallic acid, CjU^Os 

Ammonium urate, . . . AmC5H3N403 

Salicylic acid, .... C7HSO3 

Meconic acid, .... C7H4O7 

Cinchonine sulphate, . . 

Quinine sulphate, . . . 

Morphine hydrochlorate, 

Strychnine, C21H22N2O2 

Narcotine, C22H23NO7 

Brucine, C23H26N2O4 

Starch powder, .... (C^RioO^n 

Glucose, (C6Hi206)„ 

Urea, CH4N2O 

Albumen . . 



Mercuric nitrate, neutral solution, . Bfs(NO^ 

G^atin, isinglass 

Quicklime, in powder, CaO 

Tannic acid, powder, CZ7H22O1; 

Potassium bicarbonate, solution, . . EHOO3 

Iodic acid, solution (1 : 15), .... HIO3 

Iodine, in small fragments. 

Yeast, from a brewer. 
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CBEMICiXS FOE SECTION n. 



C66. Ceehicaii8 BWiviBXD roB -Section II. 

In the folloning list tbose Babstances which uv iiaed.for Section II. 
vnly ue marked bj letteis sf the alphabet The botU«s coataiuing 
tiiese snbetuicea should be arranged apart hi alpbabeticBl order. 
Against others ■ number is placed ; this indicates that the sabsUtace 
ia naed for analytical purposes, and will therefore be found, together 
with M17 necessary descriptive remaika, in one af the preceding lists 
(550-GS4). 

All nnmbera below 22 refer to bottles standuig on the shelves above 
the working bench. If (a sobstanoe is required for nrare than one 
ezperiinent, its entry is not repeated. 



Letter or 








^li'r 


Name. 


FofOiula. 


Bcunarks. 


A. 


MercnriD oilde . . . 


HbO 


Tt^^JJBt^-c»lou™l pntipimud 


SO. 




KCIO, 


B. 


.Manganeae dloiiils . 


lino,' 


Commoroial oiide in po«d«r. 




Wood C11.KMI . . . 


C 


la idscee aa large an a lia«l-nat . 




LtmnwUm .... 


Ca{HO), 






Suinhur 




Fiecas or kOI ."ii^r M laxge as a 




JUtmaBBBdUimieritl 








i papars . . . . f 








FoUssium dlchroaiate 


KiCrjO,. 




E. 


I'hospliorua .... 




lieces as large aa biOT a pea, kept 
In (L btopperpd botUe iinilsr 


BS. 


fotaaalim Iodide . . 






64. 


Starch powder . . 






F. 




Zo 


Sot necBaaarilj pare. 




HfdrocUoiic add . . 




Fu^^wiSjo amall pieces. 


Q. 


CalciuiB«hlortd« . , 


CaCls 


H. 


MartilB 


C«CO, 


In email plecea. 




Uydrochloric udd . . 








titnim BOliWfoa . . 






K. 


C[ipi«r. . . . . . 




TuroingB,ellpplB(B,ocBli<w 






unOi 


Strung, uomuiewlal. 






."iH.01 


Solid, oonuuerciaL 


ai 


SlakedUme .... 


cmoh 






(Strong BminoniH' 
i solution . . . ( 
feiBlicadd . . . . 


TiU,OH 


Liqoor aminauke turUSBiaBu 




°'Br 




r. 


BUlpiiiirlc Bcid . . . 
Bodlum tiTdrate . . 


SWong, f ommerniaL 


q. 


Mnng euloCluB In watec 


£. 




MuOi 




g. 










BuUb metal .... 




Leaf from a BimiU boult 




"TiiriBjied" . . . 




m strtpi. 








iQ ptocsa aa larw aa a buel dut 
l>roken fmra olump of rook aalt 












HNO, 




w 


BU™ nitrate . . . 


^"X 


Solid, i> asull pleoea. 






NB.HO 




n'. 


Barium rhloride . . 


'Si 






AmiDunlumiulpblde. 




at. 


PotsiBlumBitrW*. . 
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557. Chemicals rbquirbd for Section III. 

All the substances, with those exceptions* only which 
are named in this list, are required either for analytical 
purposes and are tabulated in paragraphs (550-554), where 
they may bfe found by the number placed in the first 
column; or they are already entered on the list of sub- 
stances required for experiments on the gases (556), where 
they may be found by the reference letter in the first 
colimin. A letter (s) affixed to the number of reference 
indicates that the substance is required in the solid con- 
dition, see note at heading of (553). 



Number or 




• 


letter of 


Name. 


Formula. 


reference. 






39. 


Potassium nitrate . 


Kl^Oj. 


118.8. 


Copper sulphate . 






CuS04.eH20 . 


79. 


Marble 






CaCOa . 


2. 


Hydrochloric acid 






Hca. 


45. 


Copper 






Cu, 


3. 


Nitric acid . 






HNa». 


17. 


Barium chloride . 






BaCL>.2E20. 

AmoGOa . 

In sheet, or cut. 


8. 


Ammonium carbonate 








Filter paper 






1. 


Sulphuric acid 






H2SO4. 


A. 


Mercuric oxide 






HgO. 


M. 


Ammonium chloride 






NH4CI. 


100.8. 


Potassium chloride 






KCl. 


18. 


Sodium carbonate 






NajCOa. 


B. 


Manganese dioxide 






MnOj. 


19. 
62.8. 


Borax 

Ferrous sulphate . 






Na2B40T. 
FeS04.7H2O. 


102. 


Sodium chloride . 
Wood charcoal 






NaCl. 

c._ 


116.8. 


Lead acetate 






PbAe.SH_jO. 
CUSO4.6H2O . 


118.8. 


Copper sulphate . 






6. 


Ammonium hydrate 






NH4HO. 


21. 


( Litmus paper 

( Turmeric paper . 
















Zinc oxide 


ZnO. 



*The exceptions are filter paper (531), wood charcoal (533), and zinc oxide. 
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SUBSTANCES FOR ANALYSIS. 



SUBSTANCiS TO BE GIVEN FOR ANALYSIS BY 
THE PEECEDING TABLES. 

It mast be ondetBtood that the Bubatancea mentioneil below are 
merely brought forward aa eiamplea of wh&t ma; be given to the 
student for anojyaia, the teacher will uee his own judgment in 
adopting and extending the list. 



SCBaTANCBB FOR ANALTSIS WBU£T TRYING THROUGH THB 
BEAOTlONa FOB MeTALB AND AciD-BADlCLES. 

558. After working through the reactions for a group 
of metals or acid-radiclea, a few unknown aubatances con- 
taining only one member of the group are tested and the 
number of members present is gradually increased in those 
subsequently given. It is well to keep these substances 
in the dissolved state (553, 554), since they are intended 
mainly to afford practice in separation ajid detection accord- 
ing to the group-tables, and the time spent by the student 
in preparing the solution would therefore bo wasted. Occa- 
sionally, however, a solid substance may bo given in which 
the metal or acid-radicle present is to be detected by blow- 
pipe t€sts or by other tests made on the solid substance. 
The following will serve as examples : — 



„ NH,a 

° NuCl+KCl 



MaS0,.JHsO4 
fiad+KDl 



■ SrfNOjVi 
„ CaCU«lj( 
, 8r(NO,)j.4 



Br{N0,)5. 
-l-CiiCl,.0 
, BBrl3.iifjO+ 
ar(KO,>,.4H,0 



„ Niao,.7H,0 
„ Co(NOj)5.uH,0 
„ MnCl5+ZnS6..raJ) 
„ Co|n6,)„8H,0-H 

NiSrf,.7H,0+ 

Zd3O^7H,0 

ilnCU, H130,.7B,O, 
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SOME EXAMPLES OF 



[569. 



Substances for Analysis by the directions contained in 

Section V. 

559. Any one of the solutions named in paragraphs (553, 
554) may be given for analysis by Section V., some of them 
being neutral, some acid, and others alkaline in reaction. 
The following more difficult solutions with acid or alkaline 
reaction may also be added to the list : — 



Acid. 


Alkaline. 


Ca5(P04)2, "Bone-ash" dissolved in 

dilute HCl. 
BaCoOf dissolved in dilute Ha . 

B^'^* " " Ha* 

t>auru4 n 1* -u.^! • 


KSbOs dissolved in water. 
NazSiOst solution of " soluble glasa." 
NajSnOs, "preparing salt" of the dyer. 



Any of the solid salts which were dissolved in order to 
prepare the solutions in paragraphs (553, 554) may be given 
for analysis as solid substances by (331 et seq,). 

As examples of substances possessing metallic appearance 
(366), the following may be mentioned as suitable for 
analysis : — 



, Zn, in pieces or filings, 
i FeSj, Iron Pyrites. 



>> 



NiAs, KupfernickeL 
Graphite, or Black lead. 
Iron filings. 



As insoluble substances which require to be examined by 
(367 et seq,) the following may be given for analysis : — 



BaSOi. 
PbSO^ . 
AgCl. 
SnOg, Tinstone. 



CaFj, Fluor spar. 
FeCr204, Chrome Iron Ore. 
S, as pieces of roll sulphur. 
C, as powdered wood charcoal or plum* 
bago. 



Made by mixing hot solutions of NaaB407 and Mg(N08)j 
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Solid Substances to be analysed by the Preliminary 
Examination in Section VI. 

560. For the Preliminary Examination for Metals (385): — 



Simple. 


1 
Complex. 


NH4CI 
HgCla 

CraO, 


BaCl«.2H20 

Sr(NO"3)2.4H20 

CUSO4.6H2O 

(See note.) 


ZT1SO4.7H2O 

\fnCl^ 

Co(N03)2.6H20 

N1SO4.7H2O 

SnOg 


Ama+NaCl 

HgCl2+BaCl2.«H20 

MnCl2+KCl 

NiS04.7Ho0+ 

ZnS04.7480 


A1KCS04)2.1?!H0 

Sn02+Si<N03)2.4H20 

CaC03+ZnS04.7H20 

Cr203+MnCl2+ 
NaCl 



I^ote. — Best finely powdered, fidnee its colour is then ahnost 
destroyed. 

For the Preliminary Examination for Acid-radicles (410) : — 



Simple. 


Complex. 


CaC03 

Na2S03.7H20 
CaCLO 
Naa 


FeS 

KNOj 

KCIO3 


Na2820s.5H20 
KBr 

NaA 


CaC03+XN08 
Caa20+CaF2 
NazCOa+KT 



A few of the above mentioned solids may then be exa- 
mined by both Preliminary Examinations for both Metals 
and Acid-radicles. 



Substances to be analysed by the General Course in 

Section VI. 

561. The following lists are so arranged that the analysis 
of the substances contained in them is more difficult in each 
column proceeding from left to right, and usually also in 
proceeding in one and the same column from top to bottom. 
For examples of Alkaline solutions, see (559). 
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561. Substances for Analysis by the General Coubsb. 



1. 


2. 


8. 


Simple soluble 
substances. 


Complex soluble substances. 


Complex soluble 
substances. 


Baa2.2H20 


CaCl2.6H20+BaCl2.2H20+Sr(N08)2.4H20 


/'Fe2Cl, 


MnCOs 


AlK(S04)2.12H20+CrK(S04)2.12H20 


J MnCL 

) ZnS04.7HaO 


HgCOa 


MnCl2+ZnSO4.7H2O+CuS04.6Hj,O 


(kci ' 


MgS04.7H20. 


Pb(N03)2+HgCl2+Naa 


rAs20a 


KCl 


♦As203+CaC08+BaC0, 


1 ?fe?Vii?i^o 


NiS04.7H20 


♦ZnO+MgCOa+KaO, 


(Co(NOa)2.6H20 


♦CaCOa 


♦MgCOa+BaCOt+PbCO, 


) KNO3 


Pb(N03)2 


&C,&0. 


♦AsaOs 




(Bi(NO,)8.5H20. 


FejClfl 




&c.,<feo. 


NH4CI 






NaCl 






&c., <&c. 







4. 
Substances yielding a 
Phosphate precipitate 
in Group III. 


5. 

Substances partly or 
entirely insoluble. 


MetaUic substances (467 et seq.) 
Iron pyrites OFeSs) 
Iron filings (Fe) 
Zinc clippings (Zn) 
Brass filings (Cu+Zn) 
German silver (Cu+Zn+Ni) 
Bronze (Cu+Sn) 
Type-metal (Sb+Sn+Pb) 


( CaCl2.6H20 
(Na2HP04.12H20 

/'BaCL,.2H20 

) MgCf2 

(.]Sa2HP04.12H20 


Baa04 

SiOg+S 

BaS04+CaF2+Sn02 

CBaCl2.2H20 

-{ A1K(S04)2.12H20 

(AgNOa 

(r 

PbS04+Baa04 
PbGr04, ignited. 


H 


• 

/^CoCNOgVeHgO 
Caa2.6H20 
MnCl2 

CrK(S04)2.12H20 
,Na2HP04.12H20 
&C| &c. 


SUicates (480)— 
Fire-clay (AU)8.2Si02) 
Brown-clay (do. +Fe) 
Window-glass (Na, Ca, SIOj) 
Flint-glass (Pb,B;Si02) 






Cyanogen Compounds (482)— 
Any of the foregoing which 
has been mixed with KQr, 
KCyS, K4FeCy«.3H20, 
KeFe2Cyi2, K«Co2Cyi, 



* To be given in the solid state. 
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662. LIST OF CHEMICAL ELEMENTS, WITH THEIE 
SYMBOLS AND ATOMIC WEIGHTS. 

The words in brackets are the Latin names of the elements from 
which the symbols have been derived. 



Name. 


SymboL 


Atomic 
Weight 


Name. 


SymboL 


Atomic 
Weight 


Alomininm 


Al 


271 


Molybdenum . 


Mo 


957 


Antimony (stibium) . 


Sb 


120-2 


Nickel . 


Ni 


58-1 


Anenicnm 


As 


75'1 


mobium 


Nb 


94 


Barimn . 


Ba 


137 


Nitrogen 


N 


14 


Beryllimn 


Be 


91 


Osmium 


Os 


199 


Bismuth . 


Bi 


208 


Oxygen , 





16 


Boron . 


B 


11 


Palladium 


Pd 


106 


Bromine 


Br 


80 


Phosphorus 


P 


81 


Cadmium 


Cd 


1121 


Platinum 


Pt 


194-9 


C«8ium . 


Cs 


132-9 


Potassium (kalium) . 


K 


39-1 


Calcium . 


Ca 


401 


Rhodium 


Ro 


104-8 


Carbon . 


C 


12 


Rubidium 


Rb 


85-5 


Cerium . . 


Ce 


1407 


Ruthenium 


Ru 


104-5 


Chlorine 


CI 


85-5 


Selenium 


Se 


79 


Chromium 


Cr 


52-1 


Silicon . 


Si 


28-8 


Cobalt . 


Co 


59 


Silyer (argentum) . 


Ag 


107-9 


Copper (cuprum) 


Cu 


68-3 


Sodium (natrium) . 


Na 


23 


Didymium 


D 


142-5 


Strontium 


Sr 


87-6 


Erbium . 


£ 


166-8 


Sulphur . 


S 


82-1 


Fluorine 


F 


19 


Tantalum 


Ta 


182-6 


Gold (aurum) . 


Au 


196-6 


Tellurium 


Te 


128-2 


Hydrogen 


H 


1 


ThRllinm 


Tl 


204-2 


Tndinm . 


Tn 


113-7 


Thorinnm 


Th 


232*5 


Iodine . 


I 


126-8 


Tin (stannum) 


Sn 


118 


Iridium . 


Ir 


198-1 


Titanium 


Ti 


48 


Iron (ferrum) . 


Fe 


56 


Tungsten (wolfra- ) 
mium) . ) 


w 


184 


Lanthanum 


La 


188-3 


»T 


Lead (plumbum) 


Pb 


207 


Uranium 


u 


289 


Lithium . 


L 


7 


Vanadium 


V 


51-4 


Magnesium 


Mg 


24 


Yttrium . . . 


Y 


891 


Manganese 


Mn 


55 


Zinc 


Zn 


65 


Mercury (hydrar- ) 
gymm) | 


Hg 


200-2 


Zirconium 


Zr 


89-6 



668. THERMOMETRIC SCALES. 

There are two different thermometric scales in use in this country, 
the Centigrade and Fahrenheit ; the former of these is rapidly 
becoming universal for scientific purposes. The two scales are mutu- 
ally convertible by the following formulae, in which F.° represents a 
temperature on the Fahrenheit scale, C.° a temperature on the Centi- 
grade scale : — 

f(F.° - 32) - C.°) 

* C.° -i- 32 - F."{ 

The temperatures occasionally referred to in this treatise are given 
on the Centigrade scale. 
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WEIGHTS AND MEASURES. 

564. The corresponding values of the French and English weights 
and measures are here given ; the use of the French or decimal system 
is strongly recommended by its extreme simplicity, since the smaller 
denominations are obtained by taking a tenth, hundredth, thousandth, 
&c., of the unit chosen, and are designated by the Latin prefixes deci-, 
centi-, milli-, &c., whilst the higher denominations are 10 times, 
100 times, 1000, &c. times the unit, and are named by the Greek pre- 
fixes deca-, hecto-, kilo-, &c. ; examples of this will be found in the 
tables given below. 

The starting-point of the French system is the "metre" ( — 39 '37 
inches); this is the "unit of length." The "unit of measure" is the 
"litre," which is one cubic decimetre : the "unit of weight" is the 
gramme, which is the weight of 1 cubic centimetre of distilled water 
at 4° C. 

The chief conveniences arising from the use of this system are : — 

1st That all the different denominations can be wiitten as one, 
since they are either multiples by ten or are decimal fractions of the 
unit Thus 5 decagrams, 3 grams, 4 decigrams, 8 milligrams would 
be written 53*408 grams. 

2nd. That since 1 cubic centimetre of water at 4° C, weighs 1 gram 
we may obtain the weight of water to be used from the ineasure by 
simply converting the measure into cubic centimetres, the number 
thus obtained will represent at once the corresponding weight of water 
in grams. Of course this conversion is strictly accurate only when the 
water is measured at 4° C, but for ordinary purposes the error intro- 
duced when the water is at the temperature of the air is too small to 
be of any importance in the preparation of solutions. 

The weights and measures most frequently used for chemical pur- 
poses are the gram, [the millimetre (m,m.), the litre, and the cubic 
centimetre (c.c.) which is xinnr ^^ * litre. 





ENGLISH WEIGHTS AND MEASURES, 




Apothecaries Weight. 


Avoirdupois Weight, 


lb. 
1 


oz. drms. scruples, grains. 

= 12 = 96 = 288 = 5760 

1 = 8 = 24 = 480 

1 = 3 = 60 

1 = 20 


lb. oz. drms. grains. 
1 = 16 = 256 = 7000 
1 = 16 = 437*5 
1 = 27-348 



Imperial Measure. 



gallon 
1 



pints 
8 
1 



1 gallon 

1 fluid ounce == ^ pint 
1 gallon - 
1 fluid ounces 



fluid oz. fluid drms. 

= 160 = 1280 

= 20 = 160 

1 = 8 

= 70,000 grains of water at 167' C. 
437-5 „ 
277-280 cubic inches. 
1-733 „ 
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FRENCH WEIGHTS AND MEASURES. 



MEA.3UBES OF LENGTH. 




ENGLISH. 




metre. inches. | 


mile, furlong, yards, feet, inches. 


Millimetre = 


0*001 = 


•03887 = 


• 


. -03887 


Centimetre = 


0-01 = 


•38871 = 


* • 


•88871 


Decimetre = 


01 = 


8-88708 = 


• 


. 8-8871 


Metre = 


1-0 = 


88^87078 = 


• • 


8 8-871 


Decametre — 


10-0 = 


883^70780 = 


« 


10 2 8-7 


Hectometre= 


100-0 = 


8887-07800 = 


• • 


108 1 1 


Kilometre = 


10000 = 


88870-78000 = 


« 


4 218 4 10-2 


Hyiiometre= 


100000 = 


888707-80000 = 


6 


1 166 6 


1 inch = *0254 metre. 






1 foot = -8048 „ 





MEASURES OF CAPACITY. 
1 litre = 1 cubic decimetre. 





Utre. 


cubic inches. 


phits. 


Miimitre, or > 
Cubic centimetre(c.c.>) 


-001 


-06108 


0-00176 


CentiUtre 


-01 


-61027 


0-01761 


DeciUtre 


-1 


6-1027 


0-17608 


litre 


1-0 


61-027 


1-76077 


Decalitre = 


10-0 


= 610-27 


17-60778 


Hectolitre = 


100-0 


= 6102-7 


= 176-07784 


KiloUtre 


1000-0 


= 61027-0 


= 1760-77841 


Myriolitre = 


10000-0 


= 610270-0 


= 17607-78414 



1 cubic inch - -01638 litre. 
1 cubic foot = 28-31531 litres. 
1 gallon = 4-54886 „ 



MEASURES OF WEIGHT. 
1 gram = the weight of 1 cubic^centimetre (c.c.) of water at 4" C. 





grams. 




grains. 


Avoirdupois. 


Milligram 


•001 


s 


0-01543 




Centigram 


•01 


= 


0-15482 




Deci^am 


•1 


= 


1-54328 




Gram 


1-0 


s 


15-48235 


libs. oz. drms. 


Decagram 


10-0 


=s 


154-32348 


= 00 6-65 


Hectogram 


= 100-0 


s 


1548'23488 


=: 8 8-5 


Kilogram 
Myriogram 


= 1000-0 


=3 


15482-34880 


= 286 


= 10000-0 


=s 


154328-48800 


= 22 1 2 



Igndn 



0*0648 gram. 



1 oz. (Troy) ' = 81-1035 grams. 

1 lb. (Avoirdupois) = 468*683 



INDEX. 





PAQE 


ABBREVIATED fonnulae and words 
Acetates, reactions of . 


75 


. 176 


Acetic acid, n »» • 


. 176 


Acid, test for an . 


54 


Acid-radicles, detection of, in simple substances . 


188, 195 


„ „ detection of, in complex substances 


231, 253 


,, „ reactions of . 


. 135 


Acids, removal from clothes . . . . . 


35 


Albumen, reactions of . . . . . 


. 312 


Alcohol, tt ft . . . . . 


. 310 


Alkaline reaction . . . . . 


54 


Alloys . . . . . . . 


. 270 


Aluminium, reactions of .... . 


93 


Ammonia gas, preparation of . . . . 


32 


,, „ properties of . 


33 


,, „ tests for .... . 


34 


Ammonium, reactions of . 


81 


Analysis of a simple liquid . . . . . 


. 186 


,, ,, a simple solid . , . 


. 180 


„ ,, a complex liquid . . . . 


. 223 


,, ,, a complex solid .... 


. 224 


,, ,, an alkaline liquid 


190, 236 


,, ,, cyanogen compounds 


. 282 


,, ,, insoluble substances 


205, 275 


,, „ metallic substances 


204, 270 


,, „ silicates ..... 


203, 280 


,, substances for .... . 


. 359 


Analytical classification . . . . , 


71, 178 


„ groups ..... 


. 71 


„ reactions, introductory . 


. 72 


,, reactions for the metals . 


79, 293 


,, ,, for the acid-radicles . 


135, 306 


,, ,, for alkaloids 


. 308 


„ ,, for other organic substAUces . 


. 310 


Antimony, reactions of ... . 


. 124 


Apparatus, cleaning of ... . 


10 


„ list of students' .... 


. 318 


„ list of general . . . . . 


. 319 
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PAQB 


Apparatus, list for Section II. 


. 319 


Arsenates, reactions of ... . 


. 158 


Arsenic, reactions of . . . . 


. 116 


Arsenic group, separation and detection of 


. 129 


„ „ table of differences . 


. 128 


„ „ table for analysis .15 


50, 131, 193, 243 


Atomic weights, list of ... . 


. 363 


1 
T)ARIUM, reactions of 

Barium group, separation and detection of . 


.89 


91 


„ ,, table of differences 


91 


,, „ table for analysis 


195, 248 


Bench apparatus 


. 318 


Bending glass tube and rod . 


4 


Benzoates, reactions of 


. 307 


Beryllium, detection in analysis 


302, 304 


,, reactions of 




. 298 


Bicarbonates, reactions of 




. 138 


Bismuth, reactions of . 




. no 


Blowpipe table 




. 817 


Blowpipe, use of . . . 


. 


. 4, 57 


Borates, reactions of . 




. 161 


Borax bead .... 




67 


Boric acid, reactions of 




. 161 


Boring corks . 


• 


7 


Bottles .... 




. 348 


Bromides, reactions of 


• 


. 150 


Brucine, reactions of . 




. 310 


BunsjBU burner . 




1 


/CADMIUM, reactions of 

Caesium, detection in analysis 


• • 


. 113 






. 303 


Caesium, reactions of . 






. 300 


Calcium, reactions of . 






90 


,, sulphate, preparation of 






. 339 


Carbon dioxide, preparation of 






27 


,, ,, properties of 






.28-30 


,, „ tests for 






30 


Carbon monoxide, preparation of 






36 


„ „ properties of 






37 


„ ,» tests for . 






37 


Carbonates, reactions of 






. 137 


Carbonic acid, resu^ons of 






. 138 


Centigrade scale 






. 363 


Charcoal, wood 






. 320 



Charcoal, combofltion in oxygen ..... IB 

„ ignition on . . . . . . Cfl 

Chemicalfi, list for Section II. .... , 857 

,, „ for Soction III S6S 

II „ for analytical i«sctiana SG2, 8S4, SGS 

Chlorates, reactions of . . . .146 

Chloric acid, leactJOBa of . . . , .147 

Chloride grouii, aeporatiou and detection of . . . 164 

Chlorides, reactions of 148 

Chlorinei jireimration and propertieB of . . .87 

II water prepnration of .... . 340 

ChromatBB, reaetionsof ,..;.. 162 
Chromic acid, reactiona of ...... 163 

Chromium, reactiona of . . . . .96 

Cinchonine, reactiona of ..... . 308 

Cltratea, reactions of 808 

Classification of metals in groaps ..... 71 
leof 178 



daaaiDg apparatus 

Cobalt, reactiona of . 
Colour of sobatances . 
Combnstiona in oxygen 
Contractions, list of . 
Copper gronp, separation and detection 
,1 I, table of difierences 
„ ,, table for analysis 
Copper, reactions of . 
Corks ..... 
„ boiing of . . . 

Cuttbg glass tube or rod . 
Cyanides, reactions of 
(^anogen compounds, analysis of . 

T\ECANTATION| process of 

Detection of gold and platinum 
Differences, table of ; Group I. 

„ „ Oronp II. A. . 

„ „ Gronp II.B. . 

Group III.A.. 

,, ,, Group IILb. . 

Gronp IV. . 

,1 „ Group v. 

DuitiUation of water . 
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PAOE 


Distilled water, tests for . 


40, 361 


Drawing out glass tube 


6 


Drying precipitates .... 


61 


„ gases . . . , . 


26 


"CJLEMENTS, list of chemical 

Entry in note-book, rules for . 


. 363 


. 72-75 


Entry of results, examples of 


75, 85, 209, 286 


Equation, chemical .... 


. 73 


Ethyl alcohol, reactions of . 


. 310 


Evaporation, process of . . . 


44 


,, before Group III. 


. 221 


pAHRENHEIT scale 

Ferricyanides, reactions of 


. 363 


172 


Ferrocyanides, reactions of . 


. 171 


Filtration, process of . 


47 


Flame colorations .... 


61 


FleiLmann's test .... 


. 121 


Fluorides, reactions of . . . 


. 165 


Fluosilicates, reactions of . 


. 167 


Formates, reactions of . . . 


. 306 


Funnels ..... 


11, 318 


Fusion, process of . 


56 


QALLATES, reactions of . 

Gases, solution of . . . 


. 307 
. 339 


General group table for metals 


190, 236 


,, ,, ,, detection of rarer elem 


ents . 302 


Glass tube, bending .... 


4 


„ „ cutting .... 


3 


,, ,, drawing out 


6 


Glucose, reactions of . 


. 311 


Gold, reactions of . 


. 127 


,, detection of . 


241, 274 


,, separation from platinum 


. 274 


Gram ...... 


364, 365 


Grape sugar, reactions of . 


. 311 


Groups, analytical .... 


71, 178 


Group III., precipitation and analysis of . 


. 199-203, 261-269 


,, table for rarer elements 


. 304 


TTEATING glass and i)orcelaiu 


12 


Hydriodic acid, reactions of . 


. 146 


Hydrobromic acid, reactions of 


. 161 



Rjdrochloric acid gas, prepatsti< 

Hydrochloric acid, reactions of 
Hydrocjranic acid ,. ,, 
Hydroflaoric acid , , , , 
Hydroflnodlicic acid , , , , 

II ' ,1 prepanitioD 
Hydrogen chloride gas 

„ „ prepanti< 

„ „ properties of 

„ EoIpMde, reactions of 
„ ,, test for 

Hypoclilorites, reactions of . 
Hypachlorous acid, reactaons oC 
HyposiilpLitoH „ ,, 

Eyposalpliiirous acid, „ „ 

pNITION, process of , 

„ on charcoal 

Ignition tnbea, preparation of 
Indigo prism 

Indium, detection in analysiB 



of 



of 



of . 

Insolable subatances, analjrais of 
Iodides, Ksctions of 
Iron group, separation and detection ol 

,, table of difFerenccB 

„ table for analysis 
Iron, reactions of 

T ABELLING bottles 

Labels, vamialiingof 
Laboratory btneli 
„ fittings 
Lead, reactions of 
Lerigation 

Lime water, preparation of 
Liquid reagents, dilution of 
LiAiam, detection in analysis 
of 
teof 



TljrAGSESIUM, reactions of 
■*"■ HingancM „ 
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PAGE 


Marsh's test ...... 


. 119 


Meconates, reactions of . . , . . 


. 307 


Mercuricum ,, ,, 


. 107 


Mercurosum a *» 


. 133 


Metallic substances, analysis of ... . 


204, 270 


Metals, examination f or . 


190, 234 


Molybdates, detection in analysis 


. 302 


,, reactions of . . . 


. 295 


Morphine, reactions of .... . 


. 308 


MortAr, agate . , 


225, 320 


XTARCOTINE, reactions of . . . . 
Neutralising, process of . 


. 310 


54 


Neutral reaction ...... 


54 


Nickel, reactions of . . . . . 


. 102 


Nitrates », »i • 


. 144 


Nitric acid, reactions of .... . 


. 145 


Nitric oxide, preparation of . . . . 


31 


Nitrites, reactions of .... 


. 142 


Nitrogen gas ..... 


21 


„ monoxide ..... 


38 


„ tetroxide solution, preparation of 


. 341 


Nitrous acid, reactions of . 


. 142 


,, oxide, preparation of . . . 


38 


Notation, chemical ..... 


. 73 


Note book, rules for entry in . . . 


72 


,, examples of entry 


75, 209, 286 


• 

rvRGANIC acid-radicles, reactions of 
Oxalates, reactions of . 


169, 306 


178 


Oxalic acid », >» • 


. 174 


Oxygen gas, preparation of ... 


17 


, , , , properties of . 


19 


„ ,, test for .... 


21 


Ozone gas, preparation and test 


22 


"PALLADIUM, detection in analysis of . 

,, reactions of . . . 


. 302 


. 294 


Phosphates, reactions of . 


. 157 


,, analysis of ... . 


202, 268 


Phosphoric acid, reactions of . . . 


. 158 


Phosphorus, combustion in oxygen 


20 


Platinum, defection of . . . . .. 


. 274 



INDEX. 
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PAGE 


Platmmn, reactions of . . . .128 


„ separation from gold 




. 274 


Platinum wire, mounting 




6 


,, „ cleaning 




11 


Potassium group, separation and detection 




87, 88 


„ ff table of differences 




86 


,t ,» table of analysis 




88, 250 


Potassium, reactions of 




79 


Precipitates, drying of 




. 61 


,, removal from filter 




61 


„ washing 




50 


Precipitation, process of 




45 


„ of Group III., remarks on 




. 261 


„ of Group III., rules for 


. 264 


Preliminary examination for metals 


. 182, 186, 228, 224 


„ „ for acid-radicles . . 188, 281 


,, „ of cyanogen compounds . 282 


,, ,, of insoluble substances . 205, 276 


„ „ of metallic substances . . 204, 270 


Prussic acid, reactions of . . .171 


QUININE, reactions of 308 


"RARER ELEMENTS, reactions of . . ' 298 


„ ,, tables for detection of . 


302, 804 


Reactions, entry of . 


72,75 


Reagents, addition of, in excess 




. 220 


„ preparation of . 






. 888 


„ list of bench 






. 846 


,, list of general, for metals 






. 348 


„ list of general, for acid-radicles . 






850' 


Reinsch's test ..... 






117 


Residues, silver .... 






381 


„ platinum .... 






832 


Rose burner ..... 






2 


Rubidium, detection in analysis 






803 


,, reactions of . . 






301 


Rules for working .... 






76 


Rules for trying the analytical reactions 






77 


a ALICYLATES, reactions of 307 

Saturated solutions, preparation of . . . 838, 340 


Selenate3, detection in analysis 


• • 


• 


302 



Silicatea, analysia of . 

Silicic acid „ „ 

SilTBT groap, separation and detection o; 
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the Human Body, and an Introduction to Operative Surgery. By 
Edward Bellamy, F.R.C.S., and Member of the Board of Examiners ; 
Surgeon to, and Lecturer on Anatomy at. Charing Cross Hospital. 
Second Edition. With 76 Engravings. Fcap. Svo, 7s. 

BRYANT.— A Manual for the Practice of 

Surgery. By THOMAS Brtant, F.R.C.S., Surgeon to, and Lecturer on 
Surgery at, Guy's Hospital. Fourth Edition. With about 700 En- 
gravings (nearly all original, many being coloured). 2 Vols. Crown Svo. 
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SIJB QrlEB^— continued. 
CLARK AND WAGSTAFFE. — Outlines of 

Surgery and Surgical Pathology. By F. Le Gros Clark, F.B.C.S., 
F.B.S., Consulting Surgeon to St. Thomas's Hospital. Second Edition. 
Revised and expanded by the Author, assisted by W. W. Wagstaffb, 
F.R.C.S., Assistant Surgeon to St. Thomas's Hospital. 8to, lOs. 6d. 

DRUITT.— The Surgeon's Vade-Mecum ; a 

Manual of Modem Surgery. By Robert Drxtitt, F.B.C.S. Eleventh 
Edition. With 369 Engravings. Fcap. 8vo, 14s. 

FFRGUSSON.—A System of Practical Surgery. 

By Sir William Fbrqusson, Bart., F.R.C.S., F.B.S., late Surgeon and 
Professor of Clinical Surgery to King's College HospitaL With 46S 
Engravings. Fifth Edition. 8vo, 21s. 

HEATH. — A Manual of Minor Surgery and 

Bandaging, for the use of House-Surgeons, Dressers, and Junior Practi- 
tioners. By Christopher Heath, F.R.C.S., Holme Professor of 
Clinical Surgery in University College and Sui^eon to the HospitaL 
Seventh Edition. With 129 Engravings. Fcap. 8vo, 6s. 

By the same Author. 

A Course of Operative Surgery : with 

Twenty Plates drawn from Nature by M. L^YEXLUft, and 
Coloured. Second Edition. Large 8vo, SOs. 

ALSO, 

The Student's Guide to Surgical Diag- 
nosis. Second Edition. Fcap. 8vo, 6s. 6d. 

MAUNDER— Operative Surgery. By Charles 

F. Maunder, F.B.C.S., late Surgeon to, and Lecturer on Surgery at, 
the London Hospital. Second Edition. With 164 Engravings. Post 
8vo, 6s. 

PIRRIE. — The Principles and Practice of 

Surgery. By William Pirrie, F.R.S.E., late Professor of Surgery in 
the University of Aberdeen. Third Edition. With 490 Engravings. 
8vo, 28b. 
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STrROrERY-— continued. 

SOUTH AM, — Regional Surgery : including Sur- 
gical Diagnosis. A Manual for the use of Students. Bt FREDEBiCfK 
A. SOUTHAM, M:.A., M.B. Oxon, F.B.C.S., Assistant-Surgeon to the 
Royal Infirmary, and Assistant-Lecturer on Surgery in the Owen's 
College School of Medicine, Manchester. 
Fart I. The Head and Neck. Crown 8vo, 68. 6d. 
„ II. The Upper Extremity and Thorax. Crown 8vo, 78. 6d. 



TEBMINOLOaY. 
DUNGLISON, — Medical Lexicon : a Dictionary 

of Medical Science, containing a concise Explanation of its various 
Subjects and Terms, with Accentuation, Etymology, Synonyms, &c. 
By Robert Dunglison, M.D. New Edition, thoroughly revised by 
Richard J. Dunqlison, M.D. Royal 8vo, 288. 

MAYNE, — A Medical Vocabulary: being an 

Explanation of all Terms and Phrases used in the various Departments 
of Medical Science and Practice, giving their Derivation, Meaning, 
Application, and Pronunciation. By Robert G. Matne, M.D., LL.D., 
and John Matne, M.D., L.R.C.S.E. Fifth Edition. Crown 8vo, 
lOs. 6d. 

WOMEN, DISEASES OF. 

BARNES,— A Clinical History of the Medical 

and Surgical Diseases of Women. By Robert Barnes, M.D., F.R.C.P., 
Obstetric Physician to, and Lecturer on Diseases of Women, dc, at, St. 
Qeorge's Hospital. Second Edition. With 181 Engravings. 8vo, 288. 

COURTY,— Practical Treatise on Diseases of 

the Uterus, Ovaries, and Fallopian Tubes. By Professor Courtt, 
Montpellier. Translated from the Third Edition by his Pupil, Agnbs 
M'Laren, M.D., M.E.Q.C.P. With Preface by Dr. Matthews Duncan. 
With 424 Engravings. 8vo, 248. 

DUNCAN, — Clinical Lectures on the Diseases 

of Women. By J. Matthews Duncan, M.D., F.R.C.P., F.R.S.E., 
Obstetric Physician to St. Bartholomew's Hospital. Second Edition^ 
with Appendices. Svo, 14s. 

EMMET, — The Principles and Practice of 

Gynsecology. By THOMAS ADDIS Emhet, M.D., Surgeon to the 
Woman's Hospital of the State of New York. With 180 Engravings. 
Royal 8vo, 248. 
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GALABIN,— The Student's Guide to the Dis- 
eases oi Women. By Alfred L. Oalabdt, M.D., F.K.C.P., Obstetric 
PbysiciAn to, and Lecturer on Obstetric Medicine at, Guy's Hospital. 
Third Edition. With 78 Engravings. Fcap. 8vo, 78. 6d. 

EUYNOLDS^—li otes on Diseases of Women. 

Specially designed to assist the Student in preparing for Examination. 
By J. J. Kbynolds, L.B^C.P., BLB.C.S. Second Edition. Fcap. Svo, 
2s. 6d. 

SMITH. — Practical Gynaecology : a Handbook 

of the Diseases of Women. By Heywood Smith, M.D., Physician to 
the Hospital for Women and to the British I<ying-in Hospital. With 
Engravings. Second Edition. Crown Svo. [In preparation. 

WEST AND DUNCAN.— L,ectures on the Dis- 
eases of Women. By Chables West, M.D., F.R.C.P. Fourth 
Edition. Revised and in part re- written by the Author, with numerous 
additions by J. Matthews Dunoan, M.D., F.E.C.P., F.E.S.E., 
01)stetric Physician to St. Bartholomew's HospitaL Svo, 16s. 



ZOOLOaY. 

CHAUVEAU AND FLEMING.— The Compara- 

tive Anatomy of the Domesticated Animals. By A. Chauveau 
Professor at the Lyons Veterinary School; and Gboroe Fleming 
Veterinary Surgeon, Boyal Engineers. With 450 Engravings. Svo, 
318. 6d. 

HUXLEY. — Manual of the Anatomy of Inverte- 

brated Anhnals. By Thomas H. Huxlet, LL.D., F.B.S. With 156 
Engravings. Post Svo, 16s. 

By the same Author. 

Manual of the Anatomy of Vertebrated 

Animals. With 110 Engravings. Post Svo, 12s. 

WILSON— The Student's Guide to Zoology: 

a Manual of the Principles of Zoological Science. By Andrew Wilson, 
Lecturer on Natural History, Edinburgh. With Engravings. Fcap. 
Svo, 6s. 6d. 
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